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PREFACE. 



To ^ve at once a clear explanation of the design and in- 
tended ctaraoter of this work, it is important to state that its 
author, in early life, imbibed quite a, passion for astronomy, 
and, of course, be naturally sought the aid of books; but, in 
this field of researoh, he was really astonished to find how 
little substantial aid he could procure from that source, and 
not even to this day have his desires been gratified. 

Then, as now, books of great wprth and high merit were to 
be found, but they did not meet the wants of a learner; the 
substantially good were too voluminous and mathematically 
abstruse to be mueh used by the humble pupil, and the less 
mathematical were too superficial and triflmg to give satis- 
faction to the real aspirant after astronomical knowledge. 

Of the less mathematical and more elaborate works on as- 
tronomy there are two classes — the pure and valuable, like 
the writings of Biot and Herschcl; hut, excellent as these 
are, they are not adapted to the purposes of instruction; and 
every effort to make class books of them has substantially 
failed. From the other class, which consists of essays and 
popular lectures, little substantial knowledge can he gathered, 
for they do not (eaeh astronomy ; as a general thing, they only 
glorify it; they may escite our wonder concerning the im- 
mensity or grandeur of the heavens, but they give ua no ad- 
ditional power to investigate the science. 

Another class of more brief and valuable productions were, 
and are always to be found, in which most of the important 
fij,ot8 are recorded; such as the distances, magnitudes, and mo- 
tions of the heavenly bodies; but how these facts became 
known is rarely explained : this is what the true searcher after 
science will always demand, and this book is designed ex- 
pressly to meet that demand. 

In the first part of the book we suppose the reader entirely 
auaec[naintod with the subject; but we suppose him compe- 
tent to the task — to be, at least, sixteen years of age — to have 
a good knowledge of proportion, some knowledge of algebra, 
geometry, and trigonometry — and then, and cot until then, 
can the study be pursued with any degree of success worth 
mentioning. Such a person, and with such acquirements as 
(iii) 
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we have hero designated, we believe, can take this book and 
learn astronomy in comparatively a sLort time; for the chief 
design of the work is, to teaoh whoover desires to learn: and 
it matters not where the learner may be, in a college, 
academy, school, or a solitary student at home, and alone in 
the pursuit. 

The book is designed for two classes of students — the well 
prepared in the mathematics, and the less prepared; the for- 
mer are expected to read the text notes, the latter should 
omit them. With the text notes, we conceive it, or rather 
designed it to he, a very suitable book to give sound elemen- 
tary instruct' ' t my b t we do not offer the work 
as complete p t 1 t my for whoever becomes a 
practical ast m will f eet the aid of complete 

and elaboiat ta f t 1 1 h would be improper to 

insert in a s h lb k 

rt d t hi ly f the purpose of carrying 



out a sound th t 1 pi i t otion, and, t 
have given f w P ^1 ^ l">se few in a very con- 
tracted form Tt p h f th n and moon may be ex- 
tended forw d b kw d t y xtont, by any one who 
understands th th y 

The chapt m ts bl tars, &c., are compila- 

tiouB, and pn t d m 11 type; and the works to 

whioli we a mi uid b d H sohel's Astronomy and 

the Oambridg Aat my g lly the work of M. Biot. 

Other pa f th w fc w b 1 e, will be admftted as 
mainly ong 1 by 1! wh til p to examine it. 

The chief m nt 1 m 1 f th book are, brevity, clear- 
ness of illu t t t p t th difficulties of the pupil, 
and removing th m d b g t all the essential points 
of the scien 

Some origi al ty 1 m d 1 several of our illustra- 

tions, particularly that of showing the rationale of tides rising 
on the opposite sides of the earth from the moon; and in the 
general treatment of eclipses; but it is for others to deter- 
mine how much merit should be awarded for such originali- 
ties ; we have, however, used greater conciseness and per- 
spicuity in general comnntations than is to be found in most 
of the books oQ this subject; and this last remark will apply 
to the whole work. 
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ASTRONOMY. 



INTRODUCTION. 

AsTEOMOMT is the aeience which treats of the heavenly . 
bodies, describes their appearances, determines their magni- ' 
tudes, and discovers the laws which govern their motions. 

When we merely state facts and deaoribe appearances as 
they exist in the heavens, we call it Descriptive Aatronomy. '" 
When we compute magnitudes, determine distances, record 
observations, and make any computations whatever, we call 
it Fracticfd Astronomy. 

The investigation of the laws which govern the celestial 
motions, and the explanation of the ctmses which bring about 
the known results, is called Physical Astronomy. 

When the mariner makes use of the index of the heavens, 
to determine his position on the earth, such observations, and 
their corresponding computations, are called Mmtictd Astro- 

By nautical astronomy we determine positions on the 
earth, and Bubaec[uently, the magnitude of the earth; and ^' 
thus, we perceive, that Geography and Astronomy most be 
linked together; and no one can fnlly understand the former 
science, without the aid of the latter. 

Astronomy is the most ancient of all the sciences, for, in 
the earliest age, the people could not have avoided observing |^ 
the successive returns of day and night, and summer and 
muter. They could not fail to perceive that short days cor- 
responded to winter, and long days to summer ; and it was 
thus, probably, that the attentions of men were first drawn 
to the study of astronomy. 

(I) 
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ASTRONOMY. 

rnoDuo. In this work, we shall not take facts unless tliey are within 
MB alone the sphere of our own ohservatioiia. We shall not perempto- 
auiance. ^^^ g^^^j^, ^^^^^ ^j^^ earth ja 7912 milea in diameter; that the 
moon is about 240,000 miles from the earth, and the sun 
95,000,000 of miles; for such facts, alona and of themselves, do 
not constitute knowledge, though often mistaken for knowledge. 
We shall direct the mind of the reader, step by step, through 
the observations and through the investigations, so that he 
can decide for himself that the earth must be of such a mag- 
nitude, and is thus far from the other heavenlj bodies; and 
that will be knowledge of the most essential kind. 
Dm foBn- ^1 astronomical knowledge has its foundation ia obsorta- 
iDMmtcti ^''"^ ' ^^^ '^^ ^**'' '^''j^'^* *>^ ^^^^ book shall bo to point ont 
j«iedg«, what observations must be taken, and what deductions must 
be made therefrom ; but the great book which the pupil must 
study, if he would meet with success, is the one which spreads 
out its pages on the blue arch above ; and he must place but 
secondary dependence on any book that is merely the work 
of human art. 

As we disapprove of the practice of throwing to the reader 

astounding astronomical facts, whether he can digest them or 

not, and as we are to take the inductive method 1 I ad 

the student by the hand, we must commence on th [ p s 

tioa that the reader is entirely unacquainted ev n w th the 

common astronomical facts, and now for the first t m usly 

brings his mind to the study of the subject ; lut'we ball 

suppose some maturity of mind, and some prepar^t n by the 

acquisition of at least respectable math t 

Tonven- Every science has its technicalities and 

" defini- ^'^^ astronomy is by no means an exc ]t 

ni. rule ; and as it will prepare the way for 1 

ing of our subject, we now give a short I t 

technical terms, which must bo used in mj 

Horizon. — Every person, wherever h n yl ivcs 

himself to be in the center of a circle ; a 1 th umf enoo 

of that circle is where the earth and ky pparently meet. 
That circle is called the horizon. 
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INTRODUCTION. 

AUUade. — The perpendicular hlght from the horizon, t OTaonpc 
measured by degrees of a, circle. 

Meridian. — An imaginary line, north and south from any 
point or place, whetlier it is conceived to run along the earth 
or through the heavens. If the meridian ia conceived to 
divide botli the earth and the heavens, it is then considered 
as a plane, and is spoken of as the plane of the meridian. 

Poles. — The points where all meridians come together: 
poles of the earth — the extremities of the earth's axis. 

Zenilh. — The zenith of any place, is the point directly FoIbs < 
overhead; and the iVWir is directly opposite to the zenith, or " '""'" 
under otit 'feet. The zenith and tiadir are the poles to the 
horizon. 

Verticals. — All lines passing from the zenith, perpendieu- rnme vt 
!ilr to the horizon, are called Verticals, or Vertical Cities. '"^"'' 
Th,e one passing at right angles to the meridian, and striking 
the horizon at the e^t and west points, is called the Prime 
Vertical. 

Azimuth. — The angular position of a hody from the meri- 
dian, measured on the circle of the horizon, is called its Azi- 

The angular position, measured from its prime vertical, is AmpiiioJ 
called its Amplitude. 

The sum of the azirmtlk and amplilvde must always make 
90 degrees. 

Equator. — The EaHlts Equator is a great circle, east and 
west, and equidistant from the poles, dividing the earth into 
two hemispheres, a northern, and a southern. 

The Celestial Eyuattrr is the plane of the earth's eijuator ceicsn 
conoeived to extend into the heavens. equaior 

When the sun, or any other heavenly body, meets thi- Eijuinu 
celestial equator, it is said to be in the Equinox, and the "" 
equatorial line in the heavens is called the Equinoctial. 

J.atUude. — The latitude of any place on tlic earth, is 
its distance from the equator, measured in degrees on the 
meridian, either riorth or so'rth. 

If the measure is toward the north, it is north latitude ; if 
toward the oouth, south latitude. 
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ASTRONOMY. 

"«■ The distance from the ecpator to the poles is 90 degrees — 
one- fourth of a circle ; and we shall know the eircumference 
of the whole earth, whenever we can find the absoiuk Imgthof 

Co-Latitude. — Co-latitiide is the distance, in degrees, of 
any plaee from the nearest pole. 

The latitude and co-latitude (complement of the latitude) 
must, of course, always mate 90 degrees, 
iieu Parallels of latitude are small circles on the surface of the 
'=■ earth, paiallel to the equator- 

Every point, in such a circle, has the same latitude. 

Lonffiivde, — The longitude of a place, on the surfe^e of 

the earth, is the inelination of its meridian to some other 

meridian whieh may lie ehosen to reckon from. English 

astronomers and geographers take the meridian whicli runs 

through Greenwich Observatory, as the zero meridian. 

Erji Other nations generally take the meridian of their princi- 

*'■ pal observatories, or that of the capital of their country, as 

the first meridian; but this is national vanity, and creates 

only trouble and confusion: it is important that the whole 

world should agree on some one meridian, from which to reckon 

longitude ; but as nature has designated no partionlar one, it 

is not wonderful that different nations have chosen difi"erent 

'fP' In this work, we shall adopt the meridian of Greenwich an 
Bon" ^^ ^'^^'^ 1™* °^ longitude, because most of the globes and 
="d maps, and all the important astronomical tables, are adapted 
to that meridian, and we see nothing to be gained by chang- 
ing them. 

Declination. — Declination refers only to the celestial equa- 
tor, and is a leaning or declining, north or south of-'that line, 
and is simHar to latitude on the earth. 

Solsiit^^ll P<mi9. — The points, in the heavens, north and 
soutb, where the sun has its greatest decUnaHon. 

The northern point we call the Sttmm&r Solstice, and tho 
southern point the Winter Solstice; the first is in longitude 
90", the other in lon^tude 270°. 
As latitude is reckoned north and south, so longitude is 
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INTRODUCTION. 6 

reckoned east and west; but it would add greatly to eyste- Ibtrodug. 
niatic regularity, and tend much to avoid confusion and am- improve- 
biguity in computations, were this mode of expression alian- •""«< '"e- 
dcned, and longitude invariably reckoned westward, from to '''"■'^^■ 
360 degrees. 

Latitude and longitude, on the earth, does not eorre- Luimde, 
spond to latitude and longitude in the leavens. Latitude, on '™j*''"^i'^,. 
the earth, oorresponds with, declination m the heavens; and cansion. 
longitude, on the earth, has a striking analogy to right ascen- 
sion in the heavens, though^ot an esact correspondence. 
We shall more particularly explain latitude, longitude, and 
right ascension in the heavens, as we advance in this work ; 
for it is only when we are forced to use these terms, that the 
nature and spirit of their import can be really understood. 

There are other techniealities, and terms of frequent use, oiherierra. 
in astronomy, such as Conjunction, Opposition, Ketrograde, °° ^'p^'"- 
Direct, Apogee, Perigee, &c,, &c., all of which, for the sake 
of simplicity, had better not be explained until they fall 
into use ; and, once for all, let us impress this fact on the 
minds of our readers, that we shall put far more stress on the 
e and spirit of a thing, tiixtia on its name. 
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ASTRONOMY. 



SECTION I. 
CHAPTER I. 



CniP. I. To commence the study of astronomy, we must observe 
and call to mind the real appearances of the heayens. 

Take such a station, any clear night, as viiW command an 
exteusive view of that apparent, concave homiapLere above 
us, which we call the sky, and. fix well ia the mind the direc- 
tions of nortk, south, east, aad west. 
TiiB appi- j^t g,.gt;^ jgi; ^g supposs OUT observCT to he somewhere in 
of u«8iacs, tl'S United States, or somewhere in the northern hemisphere, 
about 40 degrees from the equator. . 

As yet, this ima^ary person ta not an astronomer, and 
neither has, nor knows how to use, any astronomical instru- 
ment ; but we would have him mark with attention the po- 
sMons of the heavenly bodies. 

( 1. ) Soon he will perceive a variation in the position of 
the stars : those at the east of him wiU apparently rise; those 
nt the west will appear to sink lower, or fall below the hori- 
zm; those at the south, and near his zenith, will apparently 
move westward; and those at the north of bim, which ho may 
see about half way between the horizon and zenith, will t^ipear 
slationarf. 
Appureni Let sucK observations be continued during all the hours 
ifftoiniion of ^^ jj^^ night, and for several nights, and the observer cannot 
)»dii». fail to be convinced that not only all the stars, but the sun, 
moon, and planets, appear to perform revolutions, in about 
twenty-four hours, round 3, fixed poinl ; and that fixed point, 
as appears to «s (in the middle and northern part of the 
United States), is about midway between the northern hori- 
zon and the zenith. 
Large and Xt should always be borne in mind, that the sun, moon, and 
* stars, have an apparent diurnal motjon round a ficed ptdtU, 
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PRELIMINARY OBSERVATIONS. 

Bnd all those stars which are 90 degrees from that point, Ch* 
apparently describe a great circle. Those stars that are 
nearer to the fixed point than 90 degrees, describe smaller 
oircles; and the circles are smaller and smaller as the objects 
are nearer and nearer the fixed points. 

( 2. ) There is one star so near this fixed point, that the 
small circle it describes, in about 24 hours, is not apparent 
from mere inspection. To detect the apparent motion of 
this star, we must resort to nice observations, aided, by ma- 
thematical instruments. 

This Jixed poha, that we have several times mentioned, is Tht 
tha Imrtkl'ole of the heavens, and this one star t]ia,tvi&ha.Y<ijaat ^'"' 
mentioned, is commonly called the JVoriA Slar, or the I'ole Star. 

(8.) This star, on the 1st of January, 1820, was 1" 39' Pod 
fi" from the pole, and on 1st of January, 1847, its distance ^ 
from .the pole was 1° 30' 8" ; and it will gradually and 
more slowly approach within about half a degree of the pole, 
and afterward it will as gradually recede from the pole, and 
finally cease to be the polar slar. 

We here, and must generally, speak oi the slar, or the stais, Ttf 
as in motion; but this is not so. The fixed stars are abso- '" '"" 
iuiely fixed; it is the pole itself that has a slow motion among 
the stars, but the cause of this motion cannot now be ex- 
plained; it is one of the most abstruse points in astronomy, 
and wc only mention it as a fact. 

As the North Star appears stationary, lo the common ob- 
server, it has always been taken as the infallible guide to 
direction ; and every sailor of the ocean, and every wanderer 
«f the African and Arabian deserts, has held familiar ac- 
ijuaintance with it. 

( 4. ) If our observer now goes more to the southward, and che 
makes the same observations on the apparent motions of the "p'"' 
stars, he mill find the same general results; eaflh individual MBth' 
star will describe .the same circle; but the pole, the fixed 
point, win be lower down, and nearer the northern horizon; 
and it will be lower and lower in proportion to the distance 
the observer goes to the south. After the observer has gone 
■afficientty ftr, the fixed point, the pole, will no longer be up 
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KHiP. I. in the liuavena, but down in the norttern horizon; and wheil 
Appear, 'he polc does appear in the horizon, the observer ia at the 
M ftom equator, and from that line ali the stars at or near the eqna- 
'' * tor appear to rise up directly from the east, and go down 
directly to the west; and aU other stars, situated out of the 
equator, describe their small circles parallel to thia perpendi- 
cular equatorial circle. 
Ssuiii «f jf jIjp observer goes south of the equator, the apparent 
north .pole of the heavens sinks below the northern horizon, 
and the south pole rises up into the heavens at the south. 
ChBngoam ^ 5 -j jf ^-^^ observcr should go north, from the first 
, going station, in place of going south, the north pole Irould rise 
111'- nearer to the zenith ; and, should he continue to go north, ho 

would finally find the pole in his zenith, and all the stara 
would apparently nialce circles round tho zenith, as a center, 
and parallel to the horizon ; and the horizon itself would be the 
celestial equator. 

(6. ) When the north pole of the heavens appeal's at th« 

ze 'th, the observer must then be at the north pole, on tiio 

a th, or at the latitude of 90 degrees; 

Appe (- 7_ -J ^^j celestial body, which is north of the equator, is 

n alwiys visible from tho north pole of the earth; hence the 

> n which is north of the equator from the 20th of March to 

the 23d of September, must be constantly visible during that 

period, in a clear sky. 

Just as the sun eomes north of the equator, its diurnal 
progress, or rather, the progress of 24 hours, is around the 
horizon. When tho suu's declination is 10 degrees north of 
the equator, the progress of 24 hours is around the horizon 
at the altitude of 10 degrees ; and so for any other degree. 

From the north pole, all directions, on the surface of the 

earth, are south. North would be in a vertical direction 

toward the zenith. 

How w -^Yg ^^^g observed that the pole of the heavens rises as we 

imfeniiico go noTth, and sinks toward the horizon as we go south; and 

ndijunieter ^i^g^ ^g obserVB that the pole has changed its position one 

degree, in relation to the horizon, we know that we must havo 

changed place one degree on the Burfaee of the earth. 
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(8.) Now ■we know hy observation, that if we go north Ch> 
about 69j English miles on the earth, the north pole will ba 
one degree higher above tbe horizon. Therefore 69J- miles 
oorresponds to one degree, on the earth ; and hence the whole 
eircumference of the earth must be 69j multiplied by 360: 
for there are 360 degrees to every circle. This gives Si4,930 
miles for the circninferonce of the earth, and 7,930 miles for 
its diameter, which is not far from the truth. 

(9.) Here, in the United States, or anywhere either iu Cii 
Europe, Asia, or America, north of the equator, say in lati- '^"^ 
tode 40°, the north pole of the heavens mast appear at an 
altitude of 40° above the horizon ; and as all the stars and 
heavenly bodies apparently circulate round this point as a 
center, it follows that ail those stars which are within 40° 
of the pole can never go below the horiaon, but circulate 
round and ronnd tho polo. All those stars which never gu 
below the horizon, are called ei/rcumpolar stare. 

At the north, and very near the north pole, the sun is a Th. 
mreumpolar body while it is north of the equator, and it is a ™°' 
Dtreumpolar body as seen from the south pole, while it is south ftom 
of the equator ; this gives sis months day and six months """* 
night, at the poles. gr^e, 

( 10. ) North of latitude 66°, and when the sun's declina- 
nation is more than 23° north { as it is on and about the 20th 
of June in each year), then the sun comes at, or very near, the 
northern horiaon, at midnight; it is nearly east, at 6 o'clock 
in the morning; it is south, at noon, and about 23° in alti- 
tude ; and b nearly west at 6 in the afternoon. 

( 11. ) In the southern hemisphere, there is no prominent 
star near the south pole ; that is, no southern polar star ; but, 
of course, there are circumpolar stars, and morp and more as 
one goes south; and if it were possible to go to the south 
pole, the whole southern hemisphere would consist of circum- 
polar stars, and the pole, or fised point of the heavens, would 
be directly overhead ; and the snn himself, when south of the 
equator, would be a circumpolar body, going round and round 
every 24 hours, nearly parallel with the horizon. 

(12.) In all latitudes, and iroiii''aJl' plaois; the sun id 
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I- observed to circulate roand the nearest pole, as a center; and 
eit- when the san is on the same side of the ec[uator as the ob- 
'' server, moro than half of the sun's diurnal circle is above the 
, di. horizon, and the observer will iiave more than 12 hours san- 
»»■ light. 

When the sun th q t th h iz f y 1 t 



tnde, cuts the su d 


1 u: 1 t tw q 1 1 t A 


gives 12 hours d y 


d 1 h ir night th IT Id 


When the sun is th 


IP t 1 fth 1 t f mtl 


observer, the sm U g t f th d 1 I 


above the horizo d 


f ur g h t 1 J th 


nights. 




We have, thas f 


Ibtrud d ymp-ftb 


serrations on the j p 


t ni t f th h ly b 1 d 


have satisfied our 1 


ly f tw f t 


»««" ■«■ 1. That all th t 


dj] t lid 


apparently ciroul te 


d th p 1 d und th tl 


a day, or in aboui 24 h 




2. That the san m 


t tl m di t diff t It 


tudes above the h 


t Iff t ea t tl y 


giving long days T 


d h t 1 J D ml 



( 13.) Let us now pay attention to some other particulara. 

Let us look at the different groups of stars, and individual 

stats, so that we can recognize them night after night. 

NeeesBiij We should now have some means of measuring time; but, 

/'"^Df ^'^ s^rly days, when astronomy was no further advanced than 

iiniB, it is supposed to be in^ this work, a clock could hardly have 

had existence; and the advancement of timepieces has been 

nearly as gradual as the advancement of astronomy itself 

But we will not dwell on the history, and difficulties, of 
cloctmaiing: whatever these difficulties may have been, or 
whatever niceties modern science and art may have attained, 
there never was a period when people had not a good gmerat 
idea of time, and some means to measure it. For instance, 
sunrise and sanaot eoald be always noted as distinct points 
of time ; and the interval of a day and a night, or an astro- 
nomical day, which we now call 24 hours, was soon observed 
to be a constant quantity. 
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At first, only nide timepieces could hn made, designed to 
mark off ecjual intervals of time; but we will suppose, at 
oneo, that the reader of this work, or our wiagimary observer, 
can have the use of a common clock, which measures mean 
solar time of 24 hours in a natural day, which is marked by 
the sun. 

(14.) Now, having power to recognize certain stars, or 
groups of stars, such as the Seven SlarsA^e Belt of Orion, ^ 
AMebartm, Sirius, and the like, and having likewise the use in 
of a clock, he can obserye when any parliadar star comes to ''' 
tmy definite position. 

Let a person place himself at any particular point, to the 
north of any perpendicular line,- as the edge of a wall or 
building, and let him obseiTe the stars as they pass behind 
the building, m their diurnal motions from the east to the 
west. For example, let us sappose that the observer is 
watching the star Aldeharan, and that, when the eye is placed 
in a particular defiuito position, the star passes behind the 
building at exactly 8 o'clock. 

The next evening, the same star will come to the same 
point about 4 minutes before 8 o'clock ; and it will not come 
to the same point again, at 8 o'clock in the evening, until 
after the expiration of one year. 

( 15.) But in any year, on the same day of the month, and 
at the same hour of the day, the same star will be at, or very 
near, the same position, as seen from the same point. 

For instance, if certain stars come on the meridian at a 
particular time in the evening, on the first day of December, ™ 
the same stars will not come on the meridian again, at the n 
same time of the night, until the first day of the nest December. 

On the first of January, certain stars corae to the meridian 
at midnight; and ( speaking loosely) every first of January *' 
the same stars come to the meridian at the same time ; and 
there will be no other day during the whole year, when the 
same stars will eome to the meridian at midnight. 

Thus, the same day of every year is observed to have the 
same position of the stars at the same hour of the night ; and 
this is ike most dejvrdte index for (he expiration of a year. 
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C^"> '■ ( 16.) The year ia also indicated by the ohange of the sun's 
Anoiiier declination, which the most careless observer cannot fail to 
iMrfiome n'^'^*'^- Oa tbe 21st of June, the sun declines about 23ide- 
yeai. grees from the equator toward the north; and, of course, to 

us in the northern hemisphere, its meridian altitude is so 
much greater, and the horizontal shadows it oasts from the 
same flzed objects will he shorter; and the same raeridiaii 
altitude and short shadow 'will not occur again until the fol- 
lowing Juno, or after the expiration of one year. 

Thus, we Bee, that the time of the stars coming on to the 
meridian, and the dechnation of the sun, have a close corre- 
spondence, iw relation to lime. 
Fii«d In all our observations on the stars, we notice that their 
^r'ienn''is ^PP^'"^'!* relative situations are not changed by their diurnal 
■Piriieii. motions. Ia whatever parts of their circles they ave observed, 
or at whatever hour of the night th y th m 

figuration is recognized, although th m f, p th 
different parts of its course, will st d 1 ff tij p t 

to the horizon. For instance, a CO fi t ft m 

bling the letter A, when east of th m nd 11 mbl 

the letter V, when west of the mer b 
Wmdep As the Stars, in general, do not h th j t 

"* ' *"■ respect to each other, they are eall A fix d t 1 t tl 
are a few important stars that do ch p t t th 

stars ; and for that reason they b m p 1 b] t f 
attention, and form the most int ' g P '^ ft 

''*~"- In the earliest ages, those stars th t h g d tl pi 

were called wandering stars; and th y w 1 q tly 

found to he the planetary bodies of th sola y t 1 k th 
earth on which we live. 
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CHAPTER II. 



APPEARANCES IN ■ 

In the preceding ohaptei ne have on!^ called to mind the ch 
moBt obvious and preliminary observations, which force them- 
aelyea on eyery ono who piya the least attention, to the 
subject. 

We shall now consider the observer at one place, making 
more roinuto and scientific observations. 

( 17.) We have already remarked, that if the observer h 
was on the eijnator, the poles, to him, would be in his horizon. ^^^ 
If be were at one of the poles, for instance, the north pole, the pkc. 
equator wonld then hound the horizon. If he were half way """ 
between the equator and one of the poles, that pole would 
appear half way between the horizon and the zenith. 

Therefore, by lAsemng Ike aliUiide of the pole ahtme Ike hori- 
zon, we determine the number of degrees we are from the 
equator, wliicli is called ilie lalUude of the place. 

{ 18.) To carry the mind of the reader progressively along, 
in astronomy, we must now suppose that he not only has the 
use of a good clock, but has also some iiistnimeTa to measure 
angles. 

Clocks and astronomical instnmients progressed toward 
perfection in about the same ratio as astronomy itself; but, 
as we are investigating or leading the young mind to the in- 
vestigation of astronomy, and not making docks or mathe- 
matical instruments, we therefore suppose that the observer 
has all the necessary instruments at his command, and we 
may now require him to make a correct map of the visible 
heavens; but to aueomplish it, we must allow him at least 
one year's time, and even then ho cannot arrive at anything 
like accuracy, as several iocidental difEcoltie'i in'Jtrumentil 
errors, and practical inaccuracies, must be met and overcome 

(19.) There are three principal sources of error which ''o 
mnst be taken into consideration, in making astronoraifal ^ 
observations. 1. Uncertainty as to the exact time 2 Ines tio 
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CiuF. tf. peitness and. want of taot in the observer; and 3. ImperfeC' 
" tion in the ioatruments. Everything done by man is neces- 

sarily imperfect. 
PtMiiooi "It may bo thought an easy thing," says Sir John Her- 

uid BBiuai sohel, " by one Tin3e(3^uaintcd with the niceties required, tn 

uttnar. tum a circle in metal, to divide its circumference into 300 
equal parts, and those again into smaller subdivisions, — to 
place it accurately on its center, and to adjust it in a given 
position ; but practically it is found to be one of the moat 
difficult. Nor will this appear extraordinary, when it is con- 
sidered that, owing to the application of tclescopeB to the 
purposes of angular measurement, every imperfection of struc- 
ture or division becomes magnified by the whole optica! power 
of that instrument; and that thus, not only direct errors of 
workmanship, arising from unsteadiness of hand or imperfec- 
tion of tools, but those inaccuracies which originate in far 
more uncoatrollable causes, such as the uneqnal expansion 
and contraction of metallic masses, by a change of tempera- 
ture, and their unavoidable flexure or bending by their own 
weight, become perceptible and measorable." 
)iecB>»[; ( 20.) The most important instrumentB, in 

uiBnmests. ^gj^g from the elock,area circle, or sector, for altiltuhs; and 
a transit inativmenl. 

The former consists of a circle, or a portion of a circle, of 
firm and durable material, divided into degrees, at the rate 
of 360 to the whole circle. Each degree is divided into equal 
parts; and, by a very ingenious mechanical adjustment of an 
indes, called a Verrder scale, the division of the degree is 
practically ( though not really) subdivided into seconds, or 
S600 ec(u3J parts. 

The whole instrument must now be firm!y placed and ad- 
justed to the true honzontol ( which is exactly at right angleu 
to a plumb line ), and so made as to turn in any direction. 
With this instrument we can measure angles of altitude. 
Tbe iric. ^ 21.) The transit instrument is but a telescope, firmly fas- 

,„m tened on a horizontal axis, eosl and vies/, so that the 

itself moves up and down in the plane of the meridian, 1 
never lie turned aside from the meridian to the east o 
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l'{i place the mBtrument in this' por- 
tion, ia a very difficult matter ; but it is 
a difficulty which, at present, should not 
oomB uide con.s'derafrn we sinnly 
placed ready for ohserva 





" In the focus of the ejep ece and at 
right an^jlea to tl e length of the tele „, 

scope, is plac d a systea of o c hor zontal ^.nd fl e e j^u dis 
tant vert cal threads or wire as represe tel n the annexed 
figure, wh eh always appear in the Jildo/ve when, properly 
aiuminated hj day hy the light of the 
Bfey, hy night by that of a lamp, intro- 
duced by a coiitrivanoe not necessary here i 
to explain. The place of this system of 
wires may he altered 'hy adjusting screws, 
giving it a lateral ( horiBontal ) motion ; 
and it is by this means brought to such a 
position, that the middle one of the vertioal v 
Beet Ike line, of aillimaiion of the telescope, where it it 
and permanently fastened. In this situation it is 
that the middle thread will be a visible represeutatic 
portion of the celestial meridian to which the telescope is 
pointed; and when a star is seen to cross this wire in the 
telescope, it is in the act of culminating, or passing the cples- 
tial meridian. The instant of this event is noted by the 
clock or chronometer, which fonns an indispensable accom- 
paniment of the transit instrument. For greater precision, 
tiie moment of its crossing each of the vertical threads is j, 
noted, and a mean taken, which ( since the threads are eqni- " 
distant ) woald give exactly the same result, were all the 
observations perfect, and will, of course, tend to subdivide and 
destroy their errors in an average of the whole," 

( 22. ) Thus, all prepared with a transit instrument and a ,,, 
clock, we fix on some bright star, and mark when It comes to fl: 
the meridian, or appears to pass behind the central wire of the '" 
instrument. By noting the same event the next evening, the „ 
next, and the nest, we find the interval to be very sensi- st 
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'■ II. hly less than 24 hours ; but the intervals are equal to each 
other ; mul all ihe fietd stars ore unanmious in giving equal 
vntervals of lime between two successive transits of the same star, 
if measured by the same clock. 

The following obserratioiiB were actually taken by M. 
Arago and Lacroix, in the small island of Formentera, in the 
Mediterranean, in December, 1807. 



Date of Observations. 


Time of transit of the 
StaraArietis. 


Inlervala between 
sucoessive Transits. 




h. m. 8. 


h. m. 8 


180r, Km. 24, 


9 42 32.36 




" " 26, 


9 41 29.70 


23 68 67.34 


" 26, 


9 40 26.72 


23 68 57.02 


., 27, 


9 39 23.90 


23 58 57.18 


•■ ■■ 28, 


9 38 21.38 


23 68 67.48 



e transits agree so nearly, that 
it is very natural to suppose them exactly eq^ual, and the 
small difference of the fraction of a second to arise from some 
slight irregularities of the clock, or imperfection in making 
the observations. 

The equality of these intervals is not only the same for all 
the fixed stars, in passing the meridian, bat they are the 
same in passing all other planes. 
id Now as this has been the TmiTcrsal experience of astrono- 
'° mers in all ages, it completely establishes the fact, that all 
the fixed stars como to the meridian in exactly equal Inter- 
vals of time ; and this gives ns a standard measure for time, 
and the only standard measure, for all other motions are 
variable and luieqnal, 
»f Again, this interval must he the time that the earth 
'' employs in turning on its axis; for if the star is^eiJ, it is a 
mark for the time that the meridian is in exactly the same 
position in relation to. absolute space. 
'' (23.) That the reader may not imbibe erroneous impres- 
sions, we remark, that the clock nsod for the preceding ob- 
servations, made by M. Arago and Lacroix, ran too fast, if it 
n clock, and too slow, if it was an astronomical 
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docl. It was not mentioned wliich clock waa used, nor was cmr. 
it .materia! simply to establish the fact of equal intervah ; nor ' 
was it essential that the clock should run 24 hours, in a mean 
Bolar day : it was only essential that it ran uniformly, and 
marked off equal hours in equal times. 

If it had heen a common clock, and ran at a perfect rate, 
the interval would have been 23 h. 56 m. 4.09 a. 

( 24.) In the preoeding section we have spoken of an An i 
aatronomic^ dock. Soon after the fact was established that ^^.^^ 
the fixed stars came to the meridian in equal times, and that 
interval less than 24 hours, astronomers conceiyed the idea 
of ffraduatiriff a clock to that interval, and dividing it into 24 
hours. Thus graduating a clock to the stars, and not to the 
sun, is called a sidereal, and not a solar, or common cJock; 
and as it w^ su^ested by astronomers, and used only for 
the purposes of astronomy, it is also very appropriately called 
an astronomical clock; but save its graduation, and the 
nicety of ,its oonstruotion, it does not differ from a common 

TFiiS. a ferfed astr<mmical clock, the same star wUl paes the To i 
meridian at eimetly the same time, from erne year's end to an- "'"° 
olher.* If the time is not the same, the clock does not run nomicii 

• Sidereal tima^liHs teen slightly modified Eiuoa the discovery of the 
preccBsinn of the enuiaoxes, though such modlfioalion has never been 
diMinc&y noticed in any astronomical work. 

At first, it tuas ieiigrted to graduate the interval hetween two suc- 
ceseivB transits of the SBine star over the meridian, to 24 hours, and lo 
call this a sidereal day ; toftiel, in fact, it t'». 

But it was necessary, in some way, to connect sidereal with solar 
time; and, to secure this end, it was determined to commence the side- 
real day (not from the passage of any particular star across llio meri- 
dian, bnt from the pasaageof the imasinorj) point in the heavens, whei-c 
the snn's path crosses the yernsl equinox, called the first point of 
Arias), thus making the I'vdereal ciajaiid the eqaiaaetial year commence 
at the same moment of absolute time. 

For soma time, it was supposed that the interval hetween two snc- 
cessive transits of the first point of Aries, over the meridian, was the 
same as two EOCoeBsive transits of a star; buttho two intervals are not 
idaOical; the first point of Aries has a very slow motion westward 
among the stars, which Is called the preeession of the ejutno.r, and 
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Ch.p. II. to sidereal time; and tlie variation of time, or the difference 
between the time when the star passes the meridian, and the 
time which ought to be shown by the clock, will determine 
the rate of the clock. And with the rate of the clock, and its 
error, we can readily deduce the true time from the time 
shown by the face of the clock. 
Solar dayi (25.) When we examine the sun's passage across the 
"P meridian, and compare the elapsed intervals with the sidereal 
clock, we find regular and progressive variations, above and 
below a mean period, that cannot be accounted for by errors 
of observation. 

The mean interval, from one transit of the sun to another, 

or from noon to noon, when we take the average of the whole 

year, is 24 hours of solar time, or 24 h. 3 m, 56.5554 s. of 

sidereal time; but, aa wo have just observed, these intervals 

are not uniform; for instance, about the 20th of December, 

they are about half a minute longer, and about the 20th of 

September, they are as much shorter, than the mean period. 

The son From this fact, we are compelled to regard the sun, not as 

must have ^ fixed point ; it must have motions, real or apparent, inde- 

Knt nioiioi.. pendent of the rotation of the earth on its axis. 

(26.) When we compare the times of the moon passing 
the meridian, with the astronomical clock, we are very forcibly 
struck with the irregvlariiy of the intervaL 
Genarai The least interval between two successive transits of the 
niDiioo tfuioon (which may be called a lunar day), is observed to be 
about 24 h, 42 m. ; the greatest, 25 h. 2 m.; and the mean, or 
average, 24 h. 54 m., of mean sohxr time. 

These facts show, conelusiyely, that the moon is not a 

which makes its transits across the meridian a fractian of a second 
shorter than iJie transits of a slai. 

The time required for 366 transits of a Bter across the meridian, is 
( 3".34), three seamde and lldrty-fouT hundredths of a second of sidereal 
time, greater than for 36G traneila of the equinox. 

This difFerenoe would iiialia a day in about ^5000 years. The time 
elapsed between two successive transits of the equinon being now 

called a aideteaUay of a4h. Om. Oa., the 

time between Ihs tranuts of the same star, is - 34 h. m. 0.00916 B. 

Every astranomer understands Art. (34) with this modification. 
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fixed body, like a fixed star, for then the iiitcrrai would he cmr. 
24 hours of sidereal time. 

But as the interral is lilways more tlian 24 hours, it shows 
that the general motion of the moon is eastward among the 
stars, with a daily motion varying from lOi to 16 degrees,* 
traveling, or appearing to travel, through the whole circle 
pf the heavens ( 360° ) in a little more than 27 days. 

Thus, these observations, however imperfectly and rudely chiei 
taken, at onec disclose the important fact, that the sun and ••"' ° 
moon are in constant change of position, in relation to the 
stars, and to each other , and, we may add, that the chief 
object and study of astronomy, is, to discover the reality, the 
cauaes, the nature, and extent of such (notions. 

(27.) Besides the sun and moon, several other bodies 
were noticed as coming to the meridian at very unequal in-"„jm,j„ 
tervala of time — intervals not differing so mneh from 24 iwiiies. 
sidere^ hours as the moon, but, unlike the sun and moon, 
the intervals were sometimes more, sometimes less, and some- 
times equal to 24 sidereal hours. 

These facta show that these bodies have a real, or appa- 
rent motion, amojiff the stars, which is sometimes westward, 
sometimes eastward, and sometimes stationary; but, on the 
whole, the eastward motion preponderates ; and, like the sun 
and moon, they finally perform revolutions through the hea- 
vens from west to east. 

OtAjfmr such bodies { fetars ) were known to the ancients, Wan 
namely, Venm, Mars, J-apiter, and Saturn. """2. 

These staj-s are a portion of the planets belonging to our dmxi,. 
solar system .ind bj subsequent research, it was found thab "' 
the Earth wi^ also one of the number. As we come down 
to more modern times several other planets have been disco- 
vered, namely, M^rean/, Uratms, Vesta, Juno, Ceres, Fallas, 
and, very recently ( 1846), the planet Sept>ine.\ 

" Four minates above 94 hours corresponds to one degree of arc. 

t We hato not mentioned the names of those planete in the order in 
which they stand in the system, but rather in the order of their dis- 
ooyory. As yet, we have renliy no idea of a iiiaiiet, or a planetary 
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Wc sliall. again examine the meridian passages of the SUII, 
moon, and planets, and deduce other important factB con- 
cerning them, lie^deg that of their apparent, or real motions 
among the fixed stars. 
'■ (28.) But let iiH return to the fixed stars. We have 
several times mentioned th^ fact, that the same Star returns 
n to the same meridian again and again, after every interval of 
24 sidereal hours. So two different stars come to the meri- 
dian at constant and invariable intervals of time from each 
other; and hy such intervals we decide how far, or how many 
degrees, ono star is oast or west of another. For instance, 
if a certain fixed star was observed to pass the meridian when 
the sidereal clock marked 8 hours, and another star was ob- 
served to pass at 9, juat one sidereal hour after, then we 
■know that the latter star is on a celestial meridia just 15 
degrees eastward of the meridian of the first ment o ed star 
1- Aa 24 hoars corresponds to the whole circle, 360 degrees 
"' therefore one horn" corresponds to 15 degrees ; and 4 n niites 
J. in time, to one degree of are. Hence, whatever be the ob 
served inteira! of time between the passmg of two stars over 
the meridian, that interval will determine the actual difte enco 
of the meridians running through the stars ; and wl en wo 
Itnow the position of any one, in relation to any cdea tal men 
dian we know the jjos&jm (/«/? whose meridian obse v tons 
have been thus compared 
3- The 5 osilion of a ^^tai in relation to a particular cdestud 
meridian i' called MiffJit Ascetiium, and may be ij essed 
either in timt or dec^reej Astronomers have chosen that 



It IS true We m gl t menl on every fact, and every pa eu a re 
fipect ng each planet bucIi as its period of revolution, d s sues 
fFom the B 1 &c buta chfacls arbitrarily slated, waul n onv y 
the acience of astfoDomy to the redner.for they can be told a fee o the 
wan and to the child — to (ho intellectual and to the dull ~- to the learneJ 
and to the unlearned. 

To constitute true knowledge — io aoquiro trne science — the pupil 
must not only know Iho fact, Inil ftoto that fact teas difcoeered, or de- 
duced from other facts. HencoWeehali moiniy construct our theories 
from observations, as we pass uleng, and teacti the pupil to decide the 
case frOm the facia, evidences, and ciicunistanceB preeeoted. 
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ttierldian, for the first meridian, which passes through the """■ " ■ 
sun's center at the instant the sun eroBses the celestial equa- Km men- 
tor ia the spring, on the 20tli of March. ^'"' 

Ri^U ascension is measured from the first meridian, east- 
ward, on the equator, all the way round the circle, from to 
360 degrees, or from Oh. to 24 h. 

The reason why right ascension is not called lon^vde will 
be eitplained hereaftci;. 

(29.) If we observe and note the difference of sidereal Toficdths 
time between the coming of a star to the meridian, and the "f^^ ^"Zt 
coming of any other celestial hodj, as the sim, moon, planM, sun, imMm, 
or comei, such difference, applied to the right ascension of the '" '"'"'*"■ 
star, wUl give the right ascension of the body. 

But every astronomer regulates, or aims to regulate, his 
sidereal clock, so that it shall show Oh. Om. Oh. when the 
equinox is on the meridian ; and, if it does so, and runs regu- 
la ly tl n t! time that anybody phases the meridian by the 
lock will the right ascension of the body in time, nith 

ut ny ction or calculation, but, practically, thjs is 

n th a dock ts never eracl nor can it ever run 

sa ly t a y g ven rate or graduation 

We have thus shown how to determine the nght ascensions 
of the heavenlj bodies We shall explain how to find their 
powtions in deehnalion, in the noat chapter 



CHAPTEK in. 



(30.) To determine the angular distance of the stars from c*iip 
the pde, the obseryer must first know the distance of his 
zenith from the same point. 

As any zenith is 90 degrees from the true horizon, if the 
observer can find the altitude of the pole above the horizon 
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■ (whicliis the latitude of the place of obserratioii ), he, of 
eoTirae, kcowa the distance betwoen the zenith and the pole. 

^ As the north pole is hut aa ima^iary point, no star beiuff' 
there, we cannot directly ohaerve its altitude. But there ia a 

'^ very bright star near the pole, called the ■ Polar Star, which, 
as all other stars in the Same region, apparently reyohca 
round the pole, and comes to the meridian twice in 24 sidereal 
hours; once above the pole, and once below it; and it is 
evident that the altitnde of the pole itself must be midway, 
between the greatest and least altitudes of the same star, 
promded the apparent motion of the star round lliepole ia really 
in a circle; hat before we examine this fact, we will show how 
altitudes can be taken by the mwal circle. 

,1 (31.) The mural, or 

Fig. 2. ,,-,., 

2 _ 'f™' circle, IB a large ms- 

tallie circle, firmly fas- 
tened to a wall, so that 
its plane shall coincide 
with the plane of the me- 
ridian. 

perpendicular line 

through the center, 2j\' 

(Fig. 2), represents the 

zenith and nadir points ; 

and at right angles to 

this, through the center, 

is the horizontal line. Ilk. 

,. A telescope, Ti, and an index har. It, at right angles to 

i" the telescope, are firmly fixed together, and made to revolve 

on the center of the mural circle. 

The circle is graduated from the zenith and nadir points, 
each way, to the horizon, from to 90 degrees. 

When the telescope is directed to the horizon, the index 
points, /and i, will be at Z and ^V| and, of oourso, show 0° 
of altitude. When tho telescope is turned perpendicular to 
Z, the index bar will he horizontal, and indicate 90 degrees 
of altitude. 

When the teleaoope is pointed toward any star, as in the 
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figure, the indes points, / and i, will show the position of the c 
telescope, or its angle from the horizon, vihich is ffw altUude 
fjf the star. 

As the telescope, aad index of this instrument, can revolve 
freelj round the whole circle, we can measure altitudes with ^^ 
it equally well from the north or the south; but as it turns sti 
only in tie piano of the meridian, we can observe mdy meri- 
dian altitndes with it. 

This instrument hM been called a traiisU drde, and, says 
ffir John Herschel, " The muial circle is, in fact, at the same 
time, a transit instrument ; and, if furnished with a proper 
system of vertical wires in the focus of ila telescope, may be 
used as snoh. As the axis, however, is only supported at one 
end, it has not the strength and permanence necessary for 
the more delicate purposes of a transit; nor can it be veri- 
fied, as a transit may, by the reversal of the two ends of its 
axis, east for west. Nothing, however, prevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, near to one of its extremities, so as to tevolve 
with it, the reading off being performed by a microscope 
fixed on one of its piers. Such an instrument is called a 
transit circle, or a mmdian, circle, and serves for the simulta- 
neous determination of the right ascensions and polar dis- 
tances of objects observed with it ; the time of transit being 
noted by the elect, and the circle being read off by the late- 
ral microscope." 

( 32.) To measure altitudes in all directions, we must have 
another instrument, or a modi/kcUion of this. ^^ 

Conceive this instrument tu turn on a perpendicular axis, 
parallel to 2i\^ in place of being fixed agaiast a wall; and 
conceive, also, that the perpendicular axis rests on the center 
of a horizontal circle, and on that circle carries a horizontal 
index, to measuro a^muffi ai^hs 

This Instrument, so modified, is called an altitude and azi- 
muth instrument, because it can measure altitudes and azi- 
muths at the ^me time 

( 33.) After astronomy is a little advanced, and the ai^w 
lea- distance of each particular star, stm, moon, and planet, 
3 
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p. III. from the pole is known, then we can detenfliDe the latitude hj 

a laii- obserring the meridian altitude of anj known celestial body; 

taton jj^j, ]jgfQjQ tiigij. positions are estahlished ( as is now supposed 

gf the to be the ease with the reader of this work ), the only way to 

observe the latitude is by the altitudes of some circumsolar 

star, as mentioned in Art. 30. 

To settle this ver^ important element, the obserrer turns 
the telescope of his mural circle to the pole star, and ob- 
serves its greatest and least altitudes, and takes the half sum 
for his latitude. But is this really his latitude ? Does it 
require any oorreotion, and if so, what, and for what reason'/ 
ifficmitr, At first, it was very natural to suppose that this gave the 
exact latitude; but astronomers, eTer suspicious, ehose to 
Terify it, by taking the same obseryations on other circum- 
polar stars ; and if the theory was correct, and the observa- 
tions correctly taken, all circumyolar stars would give the 
same, or very nearly the same, result. Such observations 
were made, and stars at the same distance from the pole 
gave the same latitude, and stars at different distances iiom 
tho pole gave dj^erent latitudes ; and the greater the dis- 
tance of any star from the pole, the greater the latitude de- 
duced from it. A star 30 or 35 degrees from the pole, ob- 
served from about the latitude of 40 degrees, will give the 
latitude 12 or 15 minutes of a degree greater than the pole 

w srd Astronomers were now troubled and perplexed. These 

''*°' great and manifest discrepancies could not be accounted for 

by imperfection of instruments, or errors of observations, and 

some unconsidered natural cause was sought for as a solution. 

rtna de- To bring more evidence to bear on the case, astronomers 

BpoiM examined the apparent paths of the stars round the pole, by 

means of the tdtkude and azmmlh iTislnmenl, and they were 

found to be not exacl circles; but departed more and more 

from a circle, as the star was a greater and greater distance 

from the pole. 

These curves were found to be somewhat like ovals — the 
longer diameter pasBiiig horizontally through the pole— tiie 
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npper segments very nearly smkirdes, and tte lower segments p^^j^-J 
fioilmed on tluar uudci- aides. 

With such evidences before the mind, men were not long 
in deciding ttat these disorepanoies were owing to 



ASTRONOMICAL It 

( 34. ) It is shown, in every treatise on natnral philosophy, 
that light, pasang obliiinely from a ratter medium into a '^' 
denser, is bent toward a perpendicular to the new medinm. 

Now, when rays of light pass, or are conceived to pass, 
from any cdestial object, tbrongh the earth's atmosphere to 
an observer, the rays must be hent dmimward, unless they pass 
perpeudicuiarly through the atmosphere ; that is, come from 
the zenith. 




riouB strata of , 
air, to the ob- 

at 0.^ 
When it meets the first strata, as £!F,it i 
dowmrard; and as the air becomes more and more d 
refracting power becomes greater and greater, which more 
and more bends the ray. But the direction of the ray, at 
th« point whore it meets the eye of the observer, will deter- 
mine the position of the star as seen by him. Hence the 
observer at will see the star at «', when its real position is 
ats. 

As a ray of light, from any celestial object, is bent down- 
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■■ iM. ward, therefore, as we may see by inspecting the figure, ike 
tdtitude of all the Jwaverdy bodies is increased by refraction. 

This shows that alt the altitude^ token &% descrihed in 
Art. 33, must be opparent altitudes — greater than true alti- 
tudes — and the resulting latitudes, deduced from them, alt 
too great. 

The object is now to obtain the amount of the refraction 
eorresponding to the different altitudes, in order to correct w 
<dlo»> ior it. 

To deternune the amount of refraction, we must resort 
to observations of some kind. But what sort of observations 
will meet the ease? 
'* "* Conceive an observer at the ecLuator, and when the sun or 
1 of re- ^ star passes through, or very near his zenith, it has Mt» re- 
in cm- fraction. But, at the en[uator, the diurnal cireles are per- 
'^"'\^ pendicular to the horizon; and those stars which are very 
of siii- near the equator, retdly cJui-nffe their aitiiudes inproporiion to 
the time. 

Now a star may be observed to pass the zenith, at the 
equator, at a particular moment : /our hours afterward ( side- 
real time ), the zenith distance of this star must be 4' times 16, 
or 60 degrees, and its altitude just 30 d g B t by i^ 

servadoti, the altitude will be fbu d t b 30 1 8b E rn 
this, we perceive, that 1' 38" th m t f f f » 
corresponding to 30 degrees of It t de 

In sk sidereal hours from th t th t p 1 th 
aenith, the tnio position of the st w M b th h 
but, by observation, the altitude would be 33' 0", or a little 
more than the angular diameter of the suoi^ 
bnonnt IVom this, we perceive, that 33' 0" is the' amount of re- 
™ iraotion at the horizon. 

Tfiw, hy taJdnff ohaervotmis at ail kdervals of time, ieiwem 
the zenith <md the horizon, tee can determine the refracti&n corre- 
sponding to every degree of altitude. 

( 35. ) In the last article, we carried the observer to the 
equator, to make the case clear; but the mathematician need 
not go to the equator, foi he eau manage the case- wherever 
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ie maybe— he takes into consideration the curves, as men- chaf. 
tioned in Art, 33. 

If it were not for refraction, the curves ronnd the pole ihomi 
woidd he perfect cirdes, and the mathematician, by means of '°"^'" 

^ J^ •> • ' method 

the a!tif«de and azimuth, which can be taken at any and ^^ikai 
every point of a curve, tan determine how much it deviates ^••^^'^ ' 
from a'ohcle, and from thence the amount of refraction, or 
WMirfy the amount of refraction, at the severtd points. 

By using the refraction thus imperfeijtly obtained, he can 
correct his altitudes, and obtain his latitude, to considerable 
accuracy. Then, by repeating his observations, he can fur- 
ther approximate to the refraction. 

In this way, by a multitude of observations ajid computa- 
tions, the table of refraction ( which appears among the tables 
of every astronomic^ work ) was established and drawn out. 

( 36. ) The effect of refraction, as we have already seen, is R^iia 
to increase the altitude of all the heavenly bodies. There- [J^^'^f 
fore, by the aid of refraction, the sun rises before it otherwise Hjiit. 
would, and does not set as soon as it would if it were not 
for refraclion ; aid thus the apparent length of every day is 
increased by refraction, and more than half of ike mrtk^s sar- 
faee u consHnthj ill'ummaled. The extra illumination is equal 
to a aone, entirely round^ the earth, iDf about 40 miles in 
breadth. 

Aa the refraction in the homon ia about 33' of a degree, 
the length of a day, at the equator, is more Uianfoitr mmdes 
ViD^fit than' it otherwise would be, and the nights four tnimUes 
less. 

At all other places, where the diurnal circles arc obHque 
to the horizon, the difference is still greater, especially if we 
take the average of the whole year. 

In high northern latitudes, the long days of summer are men 
very materially increased, in length, by the effects of refrac- '''s'' 
tion ; and near the pole, the sun rises, and is kept above the 
horizon, even for days, longer than it otherwise would be, 
<wing to the same cause. 

Refraction varies very raprdly.in its amount, near the hori- 
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Ch*f. m. zon ; and this causes a Yisitlo distortion of both atm aotJ 
monn, just as they rise or set. 
Diawrtion j'q]. iuatance, when the lower limb of the sun is just in the 
and moon in horizou, it is elevated, by refraction, 33'. 
ibe honion. But the altitnde of the upper limb is then 32', and the 
refraction, at this altitude, is 27' 50", elevating the upper 
limb by this quantity. Hence, we perceive, that the lower 
limb is elevated more than the upper ; and the perpendicular 
diameter of the sun is apparently shortened by 5' 10", and 
the sun is distinctly seen of an oval form, which deviates 
more from a oircle below than above. 
An opiioii The apparently dilated size of the sun aad moon, when 
losion. ^^^ ^-^^ horizon, has nothing to do with refraction : H h a 
mere illusion, and has no reality, as may be known by apply- 
ing the following meana of measurement. 

EoU up a tube of paper, of such a siEQ and dimensions 3.9 
just to take in the rising moon, at one end of the tube, when 
the eye is at the other. After the moon rises some distance 
in the sky, observe again with this tnbe, and it will be found 
that the apparent size of the moon will even more than fill it. 
The reason of this illusion is well understood by the stu- 
dent of philosophy; but we are now too much engaged with 
realities to be drawn aside to explain illusions, 2>kanioms, or 
any WHl-o'-the-msp. 

When small stars are near the horizon, they become invi- 
aibfe ; either the refraction enfeebles and dissipates their light, 
or the vapors, which are always floating in the atmosphere, 
serve aa a cloud to obscure them. 
Appiicaiion ^ 37.) Having shown the possibility of making a table of 
* '* "™'"- rgii-setion corresponding to all apparent altitudes, wo can now, 
by applying ils effects to the observed altitudes of the cir- 
eumpolar stars, obtain the tme latitude of the plaee of obser- 
vation. 

Let it be borne in mind, that the latitude of any place on 

the earth, is the incUnatiim of its zenOk to the plane of the 

equatw; which inclination is equal to the altitude of the pok 

ebooe the horizon. 

"We demonstrate this as follows. Let -ff (i'ig. 4) lOF^" 
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gent the earth. Fig- 4. 

Now, as an ob- 
server always con- 
ceives himself to 
be on tie topmost 
part of tlie eartb, 
the vertical point, 
Z, truly and natu- 
rally represents his 
Bcnith. Through E, draw HB 0, at right angles ia E Z; 
then HE will represent- the horizon (for the horizon is 
always at right angles to the zenith). 

Let E Q represent the plane of the equator, and at right 
angles to it, from the center of the earth, must ie the earlk's 
aim; therefore, EF, at right angles to E Q, is the direction 
of the pole. 

Now the arcs, - - Zi'+-PO=90o 
Also, - - - ZP-{-ZQ=^0°, 



By subtraction, - _P 0—2^0; 

Or, by transposition, the arc FO:=ZQ; that ig, the 
altitude of the pole is equal to the latitude of the place ; 
which was to be demonstrated. 

In the same manner, we may demonstrate that the arc 
ffQ is equal to the arc ZJ'; that is, the polar distance of 
the zenitk'is e^(d to the meriditm cdtitude <^ &te cdestial equa- 
tor. Now, we perceive, that by knowing the latitude, we 
know the several divisions of the celestial meridian, from the 
northern to the southern horizon, namely, OP, P Z, Z Q, 
and QR 

( 38.) We are now prepared to observe and determine tlie 
dedinalions of the stars. 

The dedinafion of a star, or any celestial object, is its meri- 
dian distance from the celestial egualffr. " 

This corresponds with latitude on the earth, and declination 
might have been called latitude. 

The term latitude, as applied in astronomy, ia to be de- 
fined hereafter. 
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Ch^f. ih . To determine the declination of a star, we mast observe 

How to ita meridian altitude (by some instrnment, say the mural 

oiijiBikin oVa ^^"^^t -^'S' "^ )' ^"^ corveot the altitude for refraction ( see 

liar, table of refraction);- the difference will be the star's true 

altitude. 

If ilie true tneridkai altitude of the star ia less than the meri- 
dian altitude of the celestial e^ator, then the declination of the 
star is souik. Tf tJie meridian idliiude of the star is greaier 
ihmi the meridian tdtiliide of the eguator, then the dedinaiion of 
the star is north. 

These truths will be apparent by merely inspecting Eig. 4. 

EXAMPLES. 

Biampiea 1. Suppose an observer in the latitude of 40° 12' 18" 
lb d rsiisd '1'^''*^' obseTves the meridian altitude of a star, from the 
to find my southem horizon, to be 31" 36' 37"; what is the declination 
n'^o/""'*'^ that star? 

I'rom 90° . 0' 00" 

Tate the latitude, - - - 40 12 18 
Di£F, is the meridian alt. of the equator, 49° 47' 42" 

Alt. of stax, 31° 36' 37" 
Eefraetion, 1 32 

True altitude, 31° 35" 5' - - 31° 35' 5" 
Declination of the star, south, - - 18° 12' 37" 

2. The same observer finds the meridian altitude of an- 
other star, from the southern horizon, to be 79° 31' 42"; 
what is the declination of that star 1 



Observed altitude. 
Refraction, ... 


- 79° 


31' 


42" 
11 


True altitude. 
Altitude of ec(nator, - 


- 79 
49 


31 
47 


31 

42 


Star's declination, north, - 


- 29° 


43' 


49" 



3. The same observer, and from the same place, finds the 
meridian altitude of a star, from the nmihem horizon, to bo 
51° 29' 53"; what ia the declination of that gtai? 
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Observed altitude, - - - 51° 29' 53" chap. 

Refraction, . . . . 46 

True altitude of atar, - - - 51 29 7 

Altitude <rf pole { or latitude ), - 40 12 IS 

Star fiom the pole ( or polar dist. ), 11 16 49 

Polar dist., from 90° gives decl., north, 78° 43' 11" 
In this way the declination of every star in the visible 
heavens can he determined. 

(39.) la Art. 28 we have explained how to obtain the ^" 
difference of the riffhi ascmsions of the stars ; and in the last of o,g , 
article we have shown how to obtain their dedinatuma. 

With Ihe declinaUons and differences ofri^M ascensions, we may 
foark down ike posUions of all the stars on a globe or sphere — 
the true representation of the appearance of the fieavens. 

Quite 1 region of stars exists around the south pole, which 
are never seen from these northern latitudes ; and to observe 
them and define their positions, Dr. Halley, Sir John Her- 
sohel, and leveral other Bnghsh and French astronomers, 
have, at different periods, visited the southern hemisphere. 
Thus, by the accnmnlated libors of the many astronomers, 
we at length have correct catalogues of all the stars in both 
hemispheres, oven down to many that are never seen bj tho 
naked eye. 

( 40.) In Art. 28, we have esplauied how to find the d^^- '^.^ 
ferences of the right ascensions of the stars ; hut we have not right t 
yet found the (Asoluie right ascension of any star, for the want ='""■ 
of the first meridian, or zero line, from which to reckon. But 
astronomers have agreed to take that meridian for the zero 
meriditm, which passes through the sun's center the instant 
the sun comes to the celestial equator, in the spring ( which 
point on the equator is called the equinoctial point); btd the 
di^eidty is to find exactly where ( necer tehat stars ) this meridian 
line is. Before we can define this line, we must take obser- 
vations on the sun, and determine where it crosses the equa- 
tor, and from the time we can determine the place. But be- 
fore we can place much reliance on solar observations, we 
must ask ourselves this question. Ho.^ the sun any pai-allax? 
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u. tliat is, is the position of the sanjust where it appears to be? 
Is it reaUy in the plane of the equator, when it appears to be 

*• To all norlhem ohservers, is not tlio sun Ikromt back on the 
iace ofthe sky, to a more southern position than the one it 
really occupies? Undoubtedly it is; and this change of 
position, caused by the loccdity of the observer, is called ^arc/- 
lax; but, in respect to the sun, it is too smcdl to be considered 
in these primary observations. 

The early astronomers asicd themselves these questions, 

and based then- conclusions on the following consideration : 

pa. If the sun is matenally prcijecied oiUofils true place ; if it ia 

'™' thrown to the soiiihmrd, as seen by a northern oimiwr, it 

rva. will cross the equator in the spring sooner than it appears 

to cross. 

But let an observer be in the southern hemisphere, aud, to 

him, the sun would be apparently thrown over to the north, 

and it would appear to cross the equator before it really did 

cross. Hence, if the sun is thrown out of placo by parallax, 

an observer in the southern hemisphere would decide that the 

sun crossed the equator quicker, in absolute time, than that 

which would correspond to northern observations. 

"" But, in bringing observations to the test, it was found that 

,ng both northern and southern observers fised on the same, or 

- very nearly the same, absolute time for the sun crossing the 

equator. This proves that the position of the sun was not 

sensibly affected by parallax. 

We will now suppose (for the sake of sunplicity) that a 
sidereal clock has been so regulated as to run to the rate of 
sidereal time ; that is, measure 24 hours between any two 
successive transits of the same star, over the same meridian, 
but the sidereal time Moi kntrum. 

Also, suppose that, at the Observatory of Greenwich, in 
the year 1846, the following observations were made:* 

• 111 early times, Buch oliaetvatlone were often made. We look these 
reaulta from the Nautical Almanac, and called thsm obserrationa ; but, 
forthfl purpose of showing principles, it is immaterial whether obaer- 
Tafloiui are real or imaginaiy. 
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EQUINOCTIAL POINT. 



Date. 


Face of the Side- 
real Clock. 


(Art. 36.) 




L m. s. 


O ' 


MarohlS, 


1 3 20.00 


58 53.4 south, 


" 19, 


1 6 58.62 


35 11.3 ■' 


" 20, 


1 10 37.10 


11 29.4 " 


" 21, 


1 14 15.47 


12 12.0 north, 


" 22, 


1 17 54.07 


35 52.0 " 



M-om ffiese oiservalUms, it ia required to determine the sidereal 
time, or the error of the doek; the time thai the svm crossed the 
equaior ; the sun's right ascension; its lotiffitvde, and the <Mi- 
quit^ of the ediptic. 

It is understood that the observations for declinations muBt 
haye been meridian observations, and, of course, must have 
been made at the instant of apparent noon, local solar time. 

By merely inspecting these obaerrationa, it will be perceived 
that the sun must have crossed the equator between the 20th 
and 21at; for at the apparent noon of the 20th, the dechna- 
lion was 11' 29".4 south; and on the 21st, at apparent noon, 
it was 12' 12" north. Between these two observations, the 
clock measured out 24 h. 3 m. 38.37 s., of sidereal time. 

If the son had not changed its meridian among the stars, 
the time would have been just 24 hours. The cscess 
(3 m. 38.37 s.) must he changed into a,rc, at the rate of four 



minutes to c 
propordon : 
As 4" : 3'°' 
The result ia 54' 
changed right 



degree. Hence, to find the are, we have thia 



: : 1° ; to the required result. 
; the extent of are which the sun 
n during the interval between rmon and 
n of the 20th and 2l3t of Mareh. 
To examine this matter understan'dingly, draw a line RQ 
(Pig. 5), and make it equal to 54' 35".4. 

From E, draw.ffS at right angles to SQ, and make it 
aqnal to 11' 29".4. From §, draw § jV at right angles to '" 
EQ, and make it equal to 12' 12". Then S will represent 
the sun at apparent noon, Mareh 20th, and JV the position of 
the sun at apparent noon on the 21st, and SR'vi the Hue of 



)v Google 



ASTRONOMY. 




To facilitate the cemputation, continue H S to P, making 
SF= QJV, and draw the dotted line P Q. Then SPQN 
is a parallelogram. EP=IV 29".4-f-12' 12"=23' 41".4; 
and the two trwa^es.P E Q and SB T, arc similar; there- 
fore we have 

PS : EQ :: SB : B'p. 

To have the value of B T, in tirrw, B Q must be taien in 
time; which is 3 m. 38.37 s. 

Hence, (23'41".4) ; (S""- 38.37'-) : H'29".4 : B'^. 

The result gives, ^'P=l"'- 45.91'- 

But the clock time that the point B passed the meridian, 
was - - - - - Ih. 10 m. 37.10 s. 

Add, 1 45.91 

■f Theequi.passedinerid, (byclock) at Ih. 12m. 23.01 

But, at the instant that the equinox is on the meridian, 
the sidereal clock ought to show Oh. Om. Os. 

The error of the clock was, therefore, Ih. 12m. 23.018. 
( suhtraotive ). 
M As the whole line, EQ^'ra. time ), is - 3 m. 38.37 s. 

And the part JE <v is - - - 1 45 .91 

Therefore, T Q is - - - - 1 m. 52.46 

But <ip Q is the rigU ascension of the sun at apparent noon, 
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EQUINOCTIAL POINT. gf 

nt G-reenwloh, on the 21st of March, 1846 ; a very important c«if. ri(. 
element. 

The right aeeonsion o£ any heavenly ) ody whether it Lp How 
mn, moon, star, or planet is the true sidereal time that it ^"^ ""' "^ 
passes the meridian and now as we have the error ot the a ^ns on o 
ciook, we can determine the true sidereal time that ai j tar ^s a 
passes the meridian and of course its njht ai ens on th s j„jp,„j5 
for example, 

If a star passed the meridnn at 10 h 15 m 47 1 

Error of the clock is (suhtractiYo) 1 I^j ^o 

Right ascension of the star is - Oh. 3 m, 24 a. 

(42.) To find the Cfreenmch (^parent time, when the sun 

crossed the eijuinox, we refer to Fig. 5 ; and as the point E 

corresponds to apparent noon of March 20th, and the Q to 

apparent noon of March 21st, and supposing the motion of 

the sun uniform (^ as it is neoirly ) /w ikot short inienxd, we 

have the following proportion : 

S!Q : M^ : : 24h. : x. 
Giving to HQ and H'^p their numeral values in seconds of 
sidereal time, the proportion tecomes : 

218".S7 : 105".91 : : 24h. : x. 
The result of this proportion gives 11 h. 38 m. 24 s. for the Tim. e* 
interval, after the noon of the 20th of March, when the sun *• •I'lno" 
crossed the equator. 

This result is in apparent time. The difference between 
apparent time, and mean clock time, will be explained here- 
after. At this period, the difference between the sun and the 
comitton dock was 7 m. 36 s., to he added to apparent time. 
Equinox of 1846, March - - 20d, 11 h. 38m, 24s. 

Equation of time (add), - 7 36 

Equinox, clock time (G-reenwioh), 20 d, 11 h. 46 m. 
(43.) The two teiangles, JSS'p and 'pQJV, are really obiiqniij 
spherical triangles ; but triangles on a sphere whose sides are of it* '"W 
less than a degree may be regarded as plane triangles, with- ^^^^^ 
out any appreciable error. In the triangle E S^, 
JfT=I588".65, ES=^m"Ai 
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CHH-. m . and, if we regard these seconds of arc as mere immeralB, and 

calculate the angle S ^ S, vfe find it 23° 27' 43"; whioh is 

the oUi^tdtt/ of the ediptic. 

Suo'B Ion- By cmrqmHng the lengik (^ the line S N", we find it S>^' ^d" ; 

*' *■ which was the variation in the tun's Umgitiide, between iJie noon of 

the 20th ami 2ial. 

Both longitude and right asceuaioii are reckoned from th« 
equinoctial point <r ; longitude along the lino <p iV^ ( which 
line is called the ecliptic), and right ascension along the 
celestial equator tp Q. 

Computing the length of the line T JV^ we find it equal to 

30' 36" .6 ; which was the aun'3 longitude at the instant of 

apparent noon, at Greenwich, March 21st, 1846. 

latitnde, Meridians of right ascension are at right angles to the celestial 

In asirono- e(^uator ( at right angles io T Q). The first meridian runs 

whu Una through the point t- Meridians of latitude are at right 

tBotoned. angles to the ecliptic (at right angles to the line SN"). La- 

Htude, in astronom/, is reckoned north and south of the edip&i. 

Thus a star at m {Fig. 5), t n would be its longitude, nm 
its north latitude , ip o its right ascension , and omits north 
declination. 
Patimfiha (44.) Thus, jt may be perceived, that these observations 
""'■ are very froitfiJ in giving important results ; but, as jet, wc 

haveused only two of them — those made on the 20thand21st. 
By bringing the other observations into computation, and 
extending Fig. 5, we can find the points where the sun was 
on the other days mentioned; and then, by taking observa- 
tions every day in the year, the sun's right ascension imd lon- 
gitude can be determined for every day, and its exact path- 
Length of WQ/through the apparent celestial sphere. The same kind 
» jear, how of observations taken on the 20th, 21at, 22d, 23d,, and 24th 
" "" days of September, will show when the sun crosses the equa- 
tor from nt»-tA to soiOk, \s,nA how long it remains north of the 
equator, and how long south of it. In March, 184T, the 
same observations might have been made, and the exact 
length of an egyimc&id year determined : and in this way that 
importoM intenxd, hss been decided, evm to seconds. 

The true length of an equinoctial year was early a very 
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fnteiedting proUem to astronomers; and, before they had Chi 
good clocks and refined instruments, it was one of some di£6- 
eultj to settle. But the more the difBculty, the greater the 
zeal and perseverance ; and we are often astonished at the 
accuracy which the ancients attained. 
The length of the equinoctial year, as stated in the tables of 

Bays, hours, min. ascn 

Ptolom^e, ia - • 

Tycho Brahe, made it 

Kepler, in his tahles, - 

M. Cassini, in his tables, - 

M. Be Lalande, - 

Sir John Hersohel, - - - 365 5 48 49.7 

The last cannot differ from the truth more than one or two soiai 
aecon/h. Let the reader notice that this is the ec[uinoctia! '"'^'"^ 
year — the one that must over regulate the change of soa- 
Bons. There is another year — the sidereal year — which ia 
abont 20 mmules longer than the equiTUKtial year. The side- 
re^ year is the time elapsed from Ihe departure lyf the sun 
from the meridian of Asr siae, until U arrives ai the same 
meridiimagcdn, aiid consists of SQbd. 8h. 9 m. 9 s. 

Ab the stars are really the fixed points in space, this latter Cans 
period is the apparent revolution of the siin; and the shorter '^'^'"' 
period, for the equinoctial year, is caused by the motion of 
the equinoctial points to the westward, called the precession 
^ the eqmnoxes. Since astronomers first begaii to record 
observations, the fixed stars have increased, in right ascetision, 
about 2 hours in time, or 30 degrees of are. 

The mean annual precession of the eqiiinozos is 50". 1 of 
arc ; which will make a revolution, among the stars, in 25868 

• The cDinputatioii is thus : As 50".I is to the nurater of seconds in 
360 degreea ; ho is one year to the number of years. Which givee 
35BGe years, nearly. 

Wo say, the starfl IncrBaae in right ascension ; and this is true ; but 
the stars do not move — they are fixed : the meridian moves from the 
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CHAPTER IV. 



tiWGV.AVRY OF THE HBATENS. 



'■ (45.) Teh fixed stars are the only Icendmwh in astrono- 
of my, in. respect to both time and apace. They seem to have 
been thrown about in. irregular and iii-defined groups and 
clastors, called ixmstellaltons. The individuaJs of these groups 
and clusters differ greatly as to brightness, hue, and color; 
but they all agree in one attribute — a high degree of perma- 
nence, as to their relative positions m the group; and the 
groups are as permanent in respect to each other. This has 
procured them the title of Jixed a/ars , aa expression which 
must be uaderstood in a comparative, and not in an absolute, 
senae ; for, after long investigation, it is ascertained that 
some of there, if not all, are m motion, although too slow to 
be perceptible, except by very delicate observations, conti- 
nued through a long series of years. 
"- The stars are also divided into different classes, according 
" to their degree of brilliancy, called magratudee. There aro 
six magnitudes, visible to the naked eye; and ten telesoopic 
magnitudes — in all, sixteen. 

The brightest are said to be of the first magnitude ; those 
less bright, of the second magnitude, etc. ; the sixth magni- 
tude is just visible to the jiaied eye. 
M The stars are very unoquaJly distributed among these 
" classes; nor do all astronomers agree as to the number be- 
longing to each; for it is impossible to tell where one class 
ends, and another begins ; nor is it important, for all this is 
but a matter of fancy, involving no principle. In the first 
magnitude there is really but one star ( Sirius ) ; for this is 
manifestly brighter than any other; but most astronomers 
put 15 or 20 into this class. 

The second magnitude includes from 50 fo 60 ; the third, 
itbout 200, the numbers incceasing very rapidly, as we descend 
in tbe scale of brightness. 
From some experimentB on the intensity of light, it has 
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feeen determined, that if we put the light of a star, of the CBii- 
ttverage lat magnitude, 100, we aiall have : 

let magnitwde ^ 100 4th magnitude = 6 

2d '■ =e 25 5th " =r= 2 

3d " >= 12 eth " »= 1 

On this scale, Sit Wiiiiam Herechd placed the brightneSB of 

Shus at 320. 

Ancient astroHomy has come ^own to iM much tarnished 
with anperstition, and heathen m^/ikdoffy. Every constella- 
'tion bears the name of some pagan deity, and is associated 
with some absurd and rtdieuloua fahle,'; yet, strange as it may 
appear, these masses of rubbish and ignorance — these clouds 
and fogs, interoopting the true light of knowledge, are still 
not only retained, bnt ohmshed, in many modem wwks, and 
Signified with the name of astronomy. 

Merely as names, either to eonstellalaons or to individual a 
■stars, we shall make no objeelaons; and it would be useless, ^" 
if we did ; for names loEg known, will be retained, however nneii. 
improper or ob^eetionablo ; hence, when we speak of Onon, 
the Inide Dog, or the Great Sear, it must not be understood 
that we have «ny^ea( respect for mythology. 

It is not OttV purpose now to describe the sterry heavens — 
to point out the variaUe, dovUe, and rmdUpk stars — the 
^mScy Way and nebuhe ; these will receive special attention 
in some future chapter; at present, oar onJyaim is to point 
out the method of obtaining a knowledge of the mere ap- 
pearance of the sky, to the common observer, which may be 
called Hie ffeogrophy ^ the Jeeavens. 

To give a person an idea of locality, on the earth, we refer 
lo points and places supposed to be known. Thus, when we 
aay that a certain town is 15 miles north-west of Boston, a 
ship is 100 miles ea t f the Cape f Good Hope, or a cer- 
tain mountain 10 mde n rth f Calcutta, we have a pretty 
definite idea of the 1 caht s t the town, the ship, and the 
mountain, on the fe e f the ^ th provided we have a clear 
idea of the face of the a th and kn w theposition of Boston, 
the Cape of XJood Hope, and Calcutta. 

So it is with the geography of the heavens ; the apparent 
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■■ IV- aurfaee of the whole heavens must be in the mind, and tliefi 
the localities of certain bright stars must be known, as land- 
marks, like Boston, the Cape of Good Hope, and Calcutta. 

labont We shall now make some effort to point out these hmd- 
vtarks. The 2<fwth Star is the first, and most important to 
be recognized; and it can always be known to an observer, in 
anynorthcrn latitude, from its stationary appearance and alti- 
tude, equal to the latitude of the ohserfer. At the distance of 
about 32 degrees from the pole, are seven bright stars, between 
the 1st and 2d magnitudes, forming a figure resembling a 
dipper, four of them forming the cup, and three the handle. The 
two forming the sides of the cup, opposite to the handle, arc 
always in a line with the North Star ; and are therefore called 
pointers : iliey always point to the Jfortk Star. The Mne join- 
ing the equinoxes, or the first meridian of right aseension, 
runs from the pole; between the other two stars forming the 
cup. The &st star in tho handle, nearest the cup, is calleiJ 
Aliolk, the next Mizar, near which is a small star, of the 4tli 
magnitude; the laist one is Bendnasck. The stars in the 
handle M-e said to be in th« tail of the Great Bear 

About four degrees from the pole star, is a star of the 33 
magnitude, ' Vrsts Minoris. A line drarvfn through the pole 
( not pole star ) and this star, will pass through, or very near, 
the poles of the eeliptic and the trojAcs. A smaU conatella^ 
tion, near the pole, is- called Ursa Minor, or the Little Bear, 
An irregular aemifiircle of bright stars, between the dipper 
and the pole, is called the SerperU. 

«in»'y If a line be drawn from i Urste Minoris, through the pole 

5t °'° alar, aad continued about 45 degrees, it will strike a very 
beautiful star, of the lat magnitude, called Cetpella. 'Witbiit 
fire degrees of Capella are three stars, of about the 4th mag- 
nitude, forming a very eaaet isoaceles triangle, the verticat 
angle about 28 degrees. A line drawn from AlioSh, through 
the pde star, and continued about the same distance on the 
other side, paases through a cluster of stars called Cassii^ia 
in her ckair. The principal star in Cassicpea, with the pole 
star and Capella, form an isosceles triangle, Capella at the 
vertex. 
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(4b ) More attention has l]peii paid to tte etnstellations Chap. iv . 
along the eijuator md eibptic, than to others in remoter Eoiipiis 
regions of the hedvens hei.auae the iun, •moon, and planets, ''•"''"'■ 
tiavOTSo thiou^h them The eehjitii- is the sun's apparent 
annual path among the stars ( so called because all e(.bp3es, 
of both sun and moon ran take jjlice only when tho moon is 
either in ur neai this hue J 

Eight degrees on eaeh side tf tic eiliptu, is laliedthe aigns of 
todtac , and this spai,e the ancients divided into 12 equal "^ ^"Sioc. 
parts (to correspond with the 12 months of the J ear), and 
each part (30°) is called a itgn — and the whole, the 
giffTts ^ the zoduK These divisions are useless, and of late 
years, astronomers have loid them aside, vet custom ■ind 
superstition will long demand a place for them m the common 
almanacs. 

The signs of the zodiac, with their sjmbolio characters, are 
as follows; Arie^ t> Twimsti, Gemini n. Cancer q&, Leo £1,, 
Virgo TIJ, Liira ^, Scorpio ii[, Sagklarim $ , Ge^ricomm V?> 
Aquarim %, Pisces X- 

Owing to tjie precession of the eciuiuoses, these signs do 
not correspond with the oonsteUationa, as originally placed : 
the variation is now about 30 degrees; the stars remain in 
their places; and tho first meridian, or first point of Aries, 
ias drawn back, which has given to the stars the appearance 
of moving forward. 

Be^nning with the first point of Arks as it bow stands; Metiodof 
no prominent star is near it ; and, going along the ecliptic to ''=="? "" 
the eastward, there is nothing to arrest special attention, 
.until we come to the Pidades, or Seum Stun, though only 
six are visible to the naked eye. This little cluster is so well 
known, and so remarkable, that it needs no description. South- 
east of the Seven Siars, at the distance of about 18 degrees, 
is a remarkable cluster of stars, said to bo in tho B^U's Bead; 
the largest star in this cluster is of tho 1st magnitude, of a 
red color, called AMebm-an. It is one of the eight stars se- 
lected as points from which to compute the moon's distance, 
(m the assistance of navigators. 

This cluster reaemblea an A when east of the meridian, and 
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C hap, IT - , a V when west of it. The Seven Stars, Aldebaran, SniJ C'a' 
peUa, form a triangle very nearly isosceles — CapeUa at the 
vertex. A line drawn from the Sevmt Slars, a little to thB 
west of Aldebatan, wiU strike the most remarkable constella^ 
tion in tho heavens, Orion ( it is out of the zodiac, however ) : 
Bome call it the Ell and Yard. Tlie figure is mainly distin- 
guished by three stare, in one direction, within two degrees 
of each other; and two other stars, forming, with one of the 
three first mentioned, another line, at right angles with the 
first line. 

The five stars, thas m Sinee, are of the 1st or 2d magnitude. 
A line from the Seven Stars, passing near Aldebaran and 
through Orion, will pass very near to Sirius, the most bril- 
liant star in the heavens. The ecliptic passes about midway 
between the Seven Stars a,iid Aldebaran, in nearly an eastern 
direotion.^ Nearly due east irom the northernmost and bright^ 
est star in Orion, and at the distance of about 25 degrees, is 
the atar Proeyon; a bright, lone star. 

The northemmcpat star in OHim, with ^rim and Procyotii 

form an equilateral triangle. 

Tha eon. Dircctly north of Procyon, at the distances of 25 and ZO 

•MHuions degrees, are two bright stars. Castor and Pollux, Castor is 

horiion, cuiii the most northern. PoUun: is one of tho eight limar stmsi 

laiOe over; T]n,g ^e might run over that portion of the heavens whicli is 

iing"ibf wta- ever viable to us, and by this method every student of astro- 

MtMuoii. jiomy can render himself familiar with the aspect of the sky; 

bat it 13 not sufficiently d^rtUe and acien^ to satisfy a .ma- 

thefuaticai mind. 

(47.) The only scientific method of defining the position 

of S pljioe on the earth, is to mention its loiitude and hm^tudej 

and this method folly defines any and every place, however 

Hniinportant and unftec(uenled it may lie ; eo in aatronotny, the 

only scientific methodfl of defining the posUion of a star, is to 

mention its laikude and longitudff of, Inoro conveniently, its 

Q si '^'^^ ascension and dedmaiion. 

md icdefi- It is not Sufficient to' tell the navigator thiit a coast makes 

niM dticnp. ^^ jjj gjjgjj jj direction from a certain point, and that it is so 

trfMimj. far to a certain cape ; and, from one cape to another, it is 
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oBoai iO miles south-west — he would place very little reli- Chip. 
anoe on any suci directions. To secure his respect, and what 
command his confidence, tho latitude and ImffHude of every 'tuaiea a 
point, promontory, river, and harbor, along the coast, must be ,„rip|,|on 
given; and then he can shape his course to anj point, or 
Btiiie in upon it from the indefinite expanse of a pathless sea. 
So with an astronomer; while he understands and appreciates 
the rouff/t and generol descriptions, such as we have just given, 
he requires the certaia deseri^ition, comprised in, right a, 
and dedinolion. 

Accordingly, astronomers have given the riffhi i 
and declinations of every visible star in the heavens (and of 
very many that are invisible ), and arranged them in tables, 
ill the order of right ascension. 

There are far too many stare, for each to have a proper M 
name ; and, for the sate of reference, Mr. John Bayer, of ^^'^^^ 
Augsburg, in Snabia, about the year 1603, proposed to denote 
the stars by the letters of the Greek and Roman alphabets ; 
by placing the first Greek letter * to the principal star in 
the const eilatio 11, ^ to the second in magnitude, > to the 
third, and so on ; and if the Greek alphabet shall become 
eshaustedi then begin with the Koman, a, 6, c, ete. 

" G€ddogiies of particular stars, in sections of the heavens, P' 
have been piibKshed by different astronomers, each anthor ""'" 
numbering the individual stars embraced in his list, according 
to the places they respectively ooeupy in the catalogue." 
Th^e references to particular cataSogues are sometimes 
marked on celestial globes, thus : 79 H, meaning that the 
star is the 79th in Herschcl'e catalogue; 37 M, signifies the 
37th number Jn the catalogue of Mayer, etc. 

Among our tables will be found. a catalogue of a humdred, 
of .the principal stars, imerledfor the purposcof teaching a defi- 
mle and srieJdific mdfiod of making a leanw ac^tdraed mth the 
geography of the heavens. 

To have a. clear understanding of the method we are about 
to explain, we again consider that right ascension is reckoned 
from the equinox, eastward along the equator, from Oh. to 
24 hours. When the sun comes to the equator, in March, its 
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<^^'- IV . right aaecnsion is ; and from ttat time its right ascension 
increases about four minutes in. a day, throughout thQ year, 
to 24 liours ; and then it is again at the eq^uinox, and the 24 
hours are drc^ed. 
When it ii ■^''* whatever be the right ascension of the sun, it is appa- 
sppMent rent noon when it comes to the meridian; and the more east- 
ward a body is, the later it is in coming to the meridian. Thus, 
if a star comes to the meridian at two o'eloci: in (be afternoon 
(^c^arent time, ), itis because its right ascension is two hodes 
QBEATER than the right ascension of tke sun. 

Therefore, if from the right ascension of a star we subtract 
tie right ascension of the sun, the remainder will be the time 
for that star to come to the meridian. 
Crmnectioo ^^ '^^ W^ ( iJ ^ ) to represent the star's right ascension, 
Laiwaan R. and (i^O) to represent that of the Bun, and 2" to represent 
lididn pas- *^^ apparent time that the star passes the meridian, then wo 
,age aliali have the following equation : 

By transposition . . li^=So-^T: 
That is, the right ascension of a star ( or any celestial body ) , is 
egitcd to the right ascension of the sun, increase hy the time t&at 
the star ( or hod.y ) caines to the meridian. 

The right ascension of the sun is given, in the Nautical 
Almanac ( and in many other almanacs ), for every day in the 
year, when the sun is on the meridian of Greenwich; hnt 
many of tho readers of this work may not have sueh an alma- 
nac at hand, and, for their benefit, we give the right ascen- 
sionfor every fifth day of the year 1846 ( Table III) ; the 
local time is tho apparent noon at Greenwich. 

We take the year 1846, because it is the second year after 
leap year ; and the sun's, right ascension for any day in that 
year, will not differ more than two minutes from its right 
ascension, on the same day, of any other year ; and will cor- 
respond with the right ascension of the same day in 1850, by 
adding T^V seconds ; and so on for each succeeding period 
of four years. 

To apply the preceding equation, the observer should ad- 
just his svatch to oppareni time; that is, apply the equation 
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rf time, and know tte direction of his meridian, at least i 
approximately. In short, by the range of definite objects, 
he must be able to decide, within two or three ndmiles, when a 
celestial body is on his mKridian. 

Thus, all prepared, wo will give a few 



1. On the 20iA 0/ May { no matter -fflhat year, if not many 
years from 1850), m the laiitiide of 40° 2f., and longituxle of " 
80° W.,<d 9 A. 24m. m the evening, clock time, I observed a 
lone, bright star, of about the 2d magniiwle, on the meridian. M 
hod a Uand, whUe light; and, as J had no imtrumetii to mea- 



sure its altUade, I si 

was it? 

We decide the question 

Time per watch, 

Equation of time ( sei 

Apparent time, 

Lon. 80° W., equal, i 



y judged it to he 42°. What star 



Table), add 



9h. 24 in. 00 s. 
46 



27 
20 



a time, to 

Apparent time, at Greenwich, - 14 47 46 

The right ascension of the aun, on the 20th of May ( noon, 
Greenwich time), is 3h. 47m. 15b.. (see Table ni). The °' 
increase, estimated at the rate of 4 minutes in 24 hours, will 
give 1 minute in 6 hours, or 10 seconds to 1 hour; this, for 
14h. 47 m., gives 2 m. 27 s. 

Henee, the right ascension of the s 
vailcm, was . - . 

Apparent time of observation, 

Eight ascension of the star, - 



1, at the lime of oliser- 

- 3h. 49m. 42s. 

9 27 . 46 

13 h. 17 m. 28 s. 



By inspecting the catalogue of the stars (Table II), we 
findtherightascensionof SpjcatohelSh, 17m. 08 s., and its 
dechnation, 10° 21' 35". 

But, ia the latitude of 40° N., the meridian altitude of the 
celestial equator must he 50° ; ajid any stars south of that 
must he of a less altitude. Therefore, the meridian altitude 
of Spica must be 50°, less 10° 21', or 39° 39' ; but the star 
I observed, I simply judged to have had an altitude of 42°. 
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. It ia very possible that I should err, ia. altitude, twp or thieo 
degrees ; * bui, ii is- not posaiHe that the star I observed shotdd 
he any other star than Spica; for there is no other hright stair 
near it. This is one of the lunar stars, 
ui Being now eertMu that this star is Spica, I can observ* it 
" in relation to its appearance — the small stars that are neat 
it, and the oluiAers of fctars that are about it — or the fact, 
that no remarkable eoustellation ia near it. In short, I can 
so make its acquaintance as to know it ctct after ; but I am. 
unable to convey such acquaintance to others, by language : 
true knowledge, in this partioular, demands personal obser- 
vation. 
"■ 2. Onth^S>idat/efJuIy,lMQ,otSh.3im^P.M.,m£<m 
,i Ume per watch, a star of ike lat maffmtude come to &e mm^mi. 
Iwa» in latit'ode 39° iV., and about 1h° W. The star was of 
a deep red color, and, as near as my judgment could decide,, its 
altitude mis between 25" ixnd 30°. Fwo small stars were near 
&, and a remarhiUe claster of smaller stars were west and norik- 
westqfil, at t/ic distances of 6°jQ°, or 7°. Whai'star was this? 
Time per watch, - - - - 9 h. 34 m. 00 s, 
Sqna. of time (^ subtr. from metui time ') 3 48 

Apparent time, - - - - 9 30 12 

Longitude, 75°, equal to - - 5 

Apparent tjme, at Greenwich, - - 14h. ddm. 00 a. 
By examining the table for the sun's E. A., I find that. 
On the lat of July, it is - - 6 h. 40 m. 00 s. 
On the 5th, - - - - 6 56 30 

Variation, for 4 days, - - - 16 m. 30 s. 

At this rate, the variation for 2 days, 14j hours, cannot be 

■ Ten or twenty degreea, near Ihe horiion, ia apparontly a miicli 
larger apace than Ihe same namber of degrees near ilie zenilli. Tv/h 
alare, when near the horizon, appear to fae at a greater distance asunder 
than when their altitndes are greater. The varialien is a mere optica) 
illufflon; for, by applying instrameatB, to measure the ongie in the 
difiereni situations, we find it the same. Unless this fact is taken iata 
coneideration, an observer will always coiieeive the altitude of any ob- 
ject to be greater than it really is, especially if the aiiitude is less thaa 
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&r from 10 m. 10 a.; and the right ascension of tlie ami, at ewii. iv 
the time of obBervation, must liave been An esnm- 

Neariy - - -' - - iih. 50m, 10s. f„^l,^''""^ 
To whicli add, apparent time, - - 9 30 12 
Right ascension of the star, - - 16h. 20 m. 22 s. 
By mspecting the catalogue of stars, I find Antarea to have 
a right ascension of 16h. 20m. 2s. and a declination of 26" 4', 
soath. 

In the latitude mentioned, the meridian altitude of the 

celestial equator must be - - - 50° 0' 
Objects spirfA of thai plane must he less, hence (sub.) 26 4 
Meridian altitude of Antares, in lat. 50°, 23° 56 

Asthe observation corresponds to the right ascension ot An- 
tares (as near as possible, considering errors in observation, 
and probably in the watch ), and as the altitudes do not 
differ many degrees ( ■within the limits of guess work ), it is 
eertaJE that the star observed was Antares. . Ey its peeuhar 
red cdor, and the remarkable clusters of stars surrounding it, 
I shall be able to recognize this star again, without the 
tl-Quble of direct observation. 

3. OnthenigMofilie^(itJiofJune,\%A%,latilude4i^°Iir.,(md t« fln* 
lon^iiade 75° W.,(Ulh. 48 m. past midwffkt, dock time, lob- *"*>'■ 
served a star of the 1st magnitude neajrly on the meridian, ■ two 
other stars, of about the ^d maffmtude, vMhin, 2Pofit; the three 
stars forming nearly a right line, north and souih ; the altilttde 
(f the principal star abovt 60°. What star was it? 

In. these examples, the time must be reckoned on from noon 
to nooE again; therefore Ih, 48m. after midnight must be 

Britten, 13 h. 48m. 00 s. 

Equation of timi", to subtract, - - 1 12 

Apparent time, - - - - 13 46 48 
Longitude, - ... - 5 
Greenwich apparent time, June 20, 18 h. 46 m. 48 s. 

Sun" a right ascension, at this time, - 5 h. 57 m. 40 s. 

Time, 13 46 48 

Star's right ascension, - - - 19h. 44m. 28s. 
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i»p. IV By inspecting the catalngue of stars, we find the nglit 
aacension of Altatr 19h 43 m I'i s , aud its decimation b° 
■27' N In latitude 40° N , the dechnation of 8° 'J.T N wil! 
give a meridian altitude of 58° 27', and, in short, I know 
the star observed must he Altmr, and the two other stars, 
near it, I recognize in the catalogue 

By taking these ohservations, any person may become ae- 
quainted with all the principal htars, and the general aspect 
of the heavens, hut no efforts, cnnfined meiely to the study 
of hooks, wdl accomplish this end 

The equation in Art 47 is not confined to a star it miy 
he iny heavenly hody, moort, tomel or planet The time ot 
pacing the meridian is hut another term for right ascension 
It observations arc made on any hnglit star, and no eowc- 
sponding star is found in the catalogue, such a star would 
probably be a planet, and if a planet, its right ascension 
will change 
heSonth (48 ) The whole region of stars south of decimation 60°, 
Mogei- IS never seen in latitude 40° north, nor from any plai-e north 
Clouds, of that parallel ; and, to register these stars in a catalogue, it 
has been neeeSBary for astronomers to visit the southern 
hemisphere, as we have before mentioned ; but these stars 
are mostly excluded from our catalogues. There are sovcra) 
constellations, in the southern region, worthy of notice — the 
Southern Gross and the Magelloft Clmids. Tho Southern 
Cross very much resembles a cross; so much so, that any 
person would give tho constellation that appellation. Its 
principal star is, in right ascension, 12 h. 20 m., and- south 
declination 33°. 

The Magellan Clouds were at first supposed to be clouds 
by the navigator Magellan, who first observed them. They 
are four in number; two are white, like the Miiky Way, and 
have just the appearance of little white clouds. Thej aio 
mbulm. The othertwo are black — extremely so — and are 
supposed to be places entirely devoid of all stars; yet they 
are in a very bright part of the Milky Way t right ascen- 
sion 10 h. 40 m., deelination 62° south. 
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SECTION II. 

DESCEIPTITE ASTRONOMY. 



CHAPTEE I. 

FIBST COBSIDBRATIOBa AS TO TUB MSTANCBS OP THE HEAVENLY 
BODIBiS. — SIZE ANB EXACT BieCRB OP THE EARTH. 

(49.) Hitherto we have con- 
sidered only appearances, and 
have not made tlie least inc[uiry 
aa to the nature, magnitude, or 
distances of the celestial ohjeota. 

Ahstracily, there is no such 
thing e& great and small, near 
and remote; r^oiiiM^y speaking, 
however, we may apply the tenns 
great, and very great, as regards 
both magnitude and distance. 
Thus an error of tm feet, in the 
measure of the length of a 
building, is very great — when 
an error of ten rods, in the mea- 
sure of one hundred miles, would 
be too trifling to mention. 

Now if we consider the dis- 
tance to the stars, it must be 
relative to some measure taken 
as a standard, or our inquiries 
will not he definite, or even in- 
telii^ble. We now ma^e this 
general inquiry; Are the heavenly 
the earth f Here, the earth itself 
standard for measure; and if any body 
or even ten times the diameter of the earth. 
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ca^. ahoidd call it near; if 100, 200, or 2000 times the diametei 
of tie earth, we should call it remote. To answer the 
ioquiry, Are the Jieaverdy bodies near or remote? we must pirti 
them to all possihle mathematical testa; a mere opinioais of 
no Talue, without the foundation of some positive knowledge. 
Let 1, 2 ( Pig, 6 ), represent the absolute position of two 
stars ; and then, iiA£C represents the circumference of the 
earth, these stars may be said to be near ; but if a i c repre- 
sents the circumference of the earth, the stars are many times 
the diameter of the earth, in distance, and therefore may 
The moans bg gaid to be remote. If ^ £ C is the circumference of 
thi! onBBtion '''^ earth, in relation to these stars, the apparent distance of 
poiniedout. the two Stars asunder, aa seen from A, is measured by the 
angle 1A2; and their apparent distance asunder, as seen 
from the point B, is measured hy the angle 1 B 2 ; and when 
the circumference AB C is very largo, as represented in our 
figure, the angle A, between the two stars, is manifestly 
greater than B. But if a S c is the circumference of the 
earth, the points a and i are relatiTely the same as A and B. 
And, it is <m ocular demonsiratiim that the angle under which 
the two stars would appear at a is the same, or nearly the 
same, as that under which they would appear at b\ or, at 
least, we can conceive the earth so small, in relation to the 
distance to the stars, that the angle under which two stars 
would appear, would be the same seen from any point on the 
earth. 
The eon- Conversely, then, if the angle under which two stars appear 
is the same as seen from all parts of the earth's surface, it is 
certain that the diameter of the earth is very small, compared 
with the distance to the stars; or, which is the same thing, 
the distance to the stars is many times the diameter qf the earth. 
Therefore observation has long since decided this important 
point. Sir John Herschel says : " The nicest measurements 
of the apparent angular distance of any two stars, inter se, 
taken in any parts of their diurnal course ( after allowing for 
the unequal effects of refraction, or when taken at such times 
that this cause of distortion shall act equally on both ), mani- 
fest not the sUghtesl perceptible variation. Not only this, bui 
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at whatever point of the earth's sarfaoe the measurement is ' 
performed, the results are absdvidy iderUical. No inatruments 
Bfer jet invented by man are delicate enough ta indicate, hy 
aD increase or diminution of the angle subtended, that one 
point of the earth is nearer to or farther feom the stars than 
EBotbci:," 

(50.) Perhaps the following view of this subject will he 
more intelligible to the general reader. 

Let2S"iV 
ff represent 
the eelestia! 
equator, as 
seen from the 
equator on 
the earth; and 
if theearthhe 
iMge, in re?n- 
tioa to the 
distance 
Ihe stars, the 
observer will 
be at / ; 
the part of the 

celestial arc above his horston wouldbereprescntod hjAZM, 
and the part below his horizon by A X'B, and these aces are ob- 
viously tmeqaal ; and their delation would be measured by the 
time a star or heavenly body remains aboVe the horieon; com- 
pared wjth the time below it ; but by observation { refraction 
being allowed for ), We know thai the stars are as long above 
the hoTJKon as tney' are bdow; Which shoWs that the ob- 
server is not at ^', blit at 2, and even more near the center ■ 
so that the arc AZB,\s imperceptibly unequal to the arc ^ 
If H; that is, they are equal to each other; and tbe earth 
13 comparatively but a point, in relation to the distatice to 
the stars. 

This fact is well establisbed, as applied to the fixed stars, 
luh, 3,ai J^anets; btti mtk ihe moan it la differetii : that body tii 
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""■ '' ■ is longer telow the horizon than above it; which shoWS tBaC 
its distance from the earth is at least measurahle. 

( 51.) It is improper, at present, or rather, it is too advanced 
an age, to pay any respect to the ancient notion, that the earth 
ia an extended plane, bounded by an nntnown space, inacces- 
sible to men. Coimnon intolligeneo must convince even the 
child, that the earth must he a large ball, of a regular, or an 
irregular shape; for every one knows the fact, that the earth 
has been many times circumnavigated; which settles the 
ijuestion. 
Earth's In addition to this, atiy obsei-Vor may convince himself, that 

swo ton- the snrface of the sea, or a lake, is not a plane, but everywhere 
convex ; for, in coming in from sea, the high land, back in the 
country, is seen before the shore, whichis nearer the observer; 
the tops of trees, and the tops of towers, are Been tefore their 
bases. If the observer is on shore, viewing an approaching 
vessel, he sees the topmast first ; and froln the top, downward, 
the vessel gradually comes in view. This bemg the case on 
every sea, and on every portion of the earth, proves that the 
surface of the earth is convex on every part — hence it must 
bo a globe, or nearly a globe. These facts, last mentionedj 
y illustrated by 

Pig. 8. 



( 52.) On the supposition that the earth is a sphere, there 

are several methods of measuring it, without the labor of 

applying the measWo to every part of it. The first, and 

tnost natural method (which we have already mentioned), is 

that of measuring any definite portion of the meridian, and 

ffom thence computing the value of the whole circumference. 

m Thus, if we can know the number of degrees, and paits of 

'■ a degree, in the ore ;d B (Fig. 9), and then measure the dis- 

u tanoe in miles. We k fact virtiially know the wWe circnmfe- 
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Fig. 9. 



DIAMETER OF THE EARTH. 

renOQ; for wbatever part the arc AB \s of 360 degrees, tLe ( 
same paj-t, the numler of miles in A £, is of the miles in the 
whole cireumference. 

To find the are A B, the latitudes of the two points, A and 
B, tfinst be very accurately taketi, and their difference will 
giTe the o/c in degrees, mkmlss, and secoTids. Now A B must 
be measured simply in distance, as mUes, yards, or /e^; but 
this ifi a laborious operation, recfuiring great care and perse- 
verance. To measure direcUy any considerable portion of a 
meridian, is indeed impossible, for local obstruotions would 
soon eompel a deviation from any definite line ; bnt still the 
measure can be continued, by keeping an account of tho de-* 
viations, and reducing the measure to a nieridian line. 

Let m be the miles or feet in AB; then the whole circum- 
ference will be expressed by f — 

(53.) Wlienweknowtho 
hight of a mountain, as re- 
presented in Fig, 9, and at 
the same time know the dis- 
tance of its visibility from 
the surface of the earth; 
that, is, know the line MA ; 
then we can compute the 
line Jf (7, by a simple theo- 
rem in geometry ; thus, 
CMxMB=(AMy; 

■Now aa the right band ^ 

meJnljer of this equation is known, CM is known ; and as 
part of it {MB') is already known, the other part, B O, the 
diameter of the earth, thus becomes kno^rn. 

This method would be a very practical one, if it were not 
for the uncertainty and Tariable nature of refraction near the '» 
horizon ; and for this reason, this method is never relied upon, "' 
although it often well agrees with other methods. As an ex-" 
ampla under this method, we giye the following j 
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liP. i. A icountain, two miles in perpendicular tight, ivas eeeE 
from sea at a distance o£ 126 miles. If these data are cor- 
rect, what then is thg diameter of the earth ? 

Soluton MCu=^^^«±G3Xl 6= 038. ^C=7936. 

ipof lbs (S4. ) This same georaeti'oal theorem serves to compute 
""'■ thei^ip ^OehorzoK The true tor zon is a right angle from 
the zen th 1 ut the nav gator in conse luenoe of the motion 
of hia vessel can ever use the tn e horiaon ; ho must use 
the sea offi g n al ng allowanoe for fs dip. K the naviga- 
tor's eye were o a level m th the sea and the sea perfectly 
staWe, the true and ajpare t h nzon would he the same. 
But the observer s eye must always be above the sea ; and 
the higher t s the greater the d p and the amount of dip 
will4epeni on the h ght of the eye and the diameter of the 
earth. The d fterence between the angle AMC (Eig, 9), 
and a r gl t ingle ( which s the s^me as the angle A JEM), 
is the measure of the Ip oorre'^onl ng t the hight BM. 

For tl e henett of na galo s a tal le has beea formed, 
showing th dp lor all e mmon elevat o s * 



Then EM^- ^^ 



Tl e d p s con p ted thm 

P t BG(¥g. 9) =:D,-BM=h', 
(^•^h), v,rfA{MAY'^CMxMB={i>J\.K)h. 
By trigonometry, (EAy '. {MAy : : B" : tan^AEM^ 
That is, - - - -4- ■^ iP^Kyh : : R" : is.a.'^ AMM. 

For very moderate elevations, %^ extremely small, in rela- 
tion to 7) ; and the second term of the "proportion may be 
&h. (R represents the radius of the tables^) Making this 
sonsideration, we have 

-~ '. m. : : n" : U-a.'^AEM; 

Or, - - B : h \:iR^: t3.a.''AEM; 

Or, - - JJJ:Jhi:2R: tSLU.ABM 
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(55.) All Buch computatioEB are made on the supposition i 
that the earth is exactly spherical ; and it is, in fact, so nearly 
spherical, that no corrections are required in conseijuence of 
its deviation from that figure. 

After eorreet views hegan to be entertained, as to the mag- 
nitude of the earth, and its revolution, on' an axis, philosophers "' 
concluded that its ecjnatorial diameter might he greater than 
its polar diameter; and investigations have lieen made to 
decide the fact. 

If the earth were exactly spherical, It is plain that the cur- 
vature over its surface woidd he the same in every latitude; 
hut if not of that figure, a degree would he longer on one part 
of the earth than on another, " But," says Herschel, "when 
we come to compare the measures of meridional arcs made in 
various parts of the glohe, the results ohtained, although they 
agree sufficiently to show that the supposition of a spherical 
figure is not very remote from the truth, yet exhihit discord- 
ances far greater than what wo have shown to he attrihutahle 
to error of ohservation; and which render it evident that the 
hypothesis, in strictness of its wording, is untenable. The 
following tahle exhibits the lengths of a degree of the meri- 
dian (astronomically determined as above described), oz- 

By inspecting t.Hs last proportion, it will be perceived that 
the tangent of the dip varies as the square root of the eleva- 
tion. To apply this proportion, we adduce the following 
problem : 

The diameter of the earth is 7912 miles; the elevation of 
the eye, above the surface, is ten feet. What is the dip? 

'2-R . .log. ■■ 10.301030 

Jk. . log. -500000 

Product of the means (log.), - - - - 10.801030 
D mileN, 7912, - - log. - 3.898286 
Feet, - 5280, - - log. - 3.722634 
2 ) 7.620920 
ViJinfeot, - - (log.) 3.810460 . . 8810460_ 
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preased in Britisli Btatidard feet, as resulting from actual 
measurement, made witli aJl poasiWe care and preei^on, by 
commiasioners of Tarions nations, men of the first eminence, 
supplied by their respective gOTernmonts with the best instru- 
ments, and furnished with every facility which cotdd tend to 
insure a successful result of their important labors. 



Porn , 



517 37 
135 45 
3 52 3 



englh of| 



3 7 3 



Svanborg. 
StruvB. 
Roy, Kaler. , 
Lacaillei Cassioi. 
Delambre, MechaL 



Lambton, Everest 



8 earth '- It is evident, from a, mere inspection of the second and 
urvodat f^m.|.]^ oolumns of this table, that Ike measured length of ade- 
M the gree increases wUh tlw latitude, being greatest near the poles, 
•"' and least near the eijuator." 

"Assuming," continues Heraohel, "that the earth is an 
elEpse, the geometrical properties of that figure enable us to 
a^gE the proportion between the lengths of its axes which 
shall eorrespond to any proposed rate of variation in its cur- 
vature, as well as to fix upon their absolute lengths, corre- 
sponding to any assigned, length of the degree in a given 
latitude. Without troubling the reader with the investiga- 
tion (which may bo found in any work on tho conic sections), 
it will be sufficient to state that the lengths, which agree on 
the whole best with the entire series of meridional arcs, whicli 
have been satisfactorily measured, are as follow : — 

Feet. Miles. 

Greater, tir equatorial diam., =41,847,426=7926.648 
Lesser, or polar diam., - - =41,707,620=7899.170 
Difference of diaineters, or __ 139866= 26.478 

polar compression, - - - 
The proportico of the diameters is very nearly that of 
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2B8 : 299, and their difference ^^^ of the greater, or a very 
little greater, than ^Jj-" 

( 56. ) The shape of the earth, thus aecertwned hy actual 
measurement, is just what theory would give to a hody of 
water ecjuBi to our globe, and revolving on an axis ia 24 
lioTira; and this has caused many philosophers to suppose that 
the earth was formerly in a fluid state. 

If the earth were a sphere, a pliunh line at any point on 
its surface would tend directly toward the center of gravity "^ 
of the body, but the earth being an eUipsoid, or an (Mate 
spberoid, and the plumb lines, being perpendicular to the Bur- 
feoe at any point, do not tend to the center of gravity of the 
figure, but to points as represente* 

The plumb line at .^T tends to 
^, yet the mathematical center, 
and center of gravity of the 
figure, is at ^. So at I, the 
plumb line tends to the point &; 
and as the length of a degree at 
A, is to the length of a degree 
at IT, so is IG to IfF. If, 
liowever, a passage were made 
through the earth, and a body let drop through it, the body 
would not pass from / to 0: its Jtrsl lendencf/ s,t /would be 
toward the pomt &; but after it passed below the surface at 
I, its tendency would he irMre and tmre toward the point £, 
the center of gravity; but it would not pass exactly through 
that point, tmless dropped from the point A, or the point C. 

( 57. ) If the earth were a perfect and stationary sphere, 
the force of gravity, on its surface, would be everywhere the p 
same ; but, it being neither stationary, nor a perfect sphere, „| 
the force of gravity, on the different parts of its surfaee, must U" 
be different. The points on its surface nearest its center of "" 
gravity, must have more attraction than othef points more 
remote from the center of gravity ; and if those points which 
are more remote from the center of gravity have also a rotary 
motion, there \vill be a diminution of gravity on that account. 

Let A B (Pig. 10) ropreseat the equatorial diameter of 




)v Google 



So ASTRONOMy, 

c°"' !■ the earth, and Ci) the polar diameter; and it is obyions 
that jS will he the center of gravity, of the whole figure, and 
Gravity di- tijj^t jjig fQpgg Qf gravity at C and i> will he greater than at 
Mu'tl™. ^ ^"^y other poiiita on the surfaee, because U C, or ^J), are 
less than any other lines from the point J? to the surfaee. 
The force of gravity wjll he greatest on the points C and P, 
also, becauBe they are stationary : all other points are in a 
circular motion ; and ciroiilar motion has a tendency to depart 
from the center of motion, and, of course, to diminish gravity. 
The diminution of the earth's gravity by the rotation on its 
axis, amounts to it» ^Jy part,* at the equator. By this frao- 



Tig.U 




* Let D be the equatorial diameter 
of the earth, .f the versed sine of an are 
corresponding to the motion in a seeond 
of time, and c the chord or arc ( for the 
chord and arc of bo small a portion of the 
circumference 19111 coincide, praetieally 



A portion of the earth's gravity, equal 
to i^ is destroyed by tte rotation of the eartlj, and we ara 
now to compute its value. 

By proportional triangles, F : e : : c : D; 

Or fc^ . . . (1) 

The value of e is found hy dividing the whole circumference 
into as many equal parts as there are seconds in the time of 
revolution. But the time rf revolution is 23 h. 56 m. 4 s,, i=i 
86164 seconds. 
«• The whole circumference is 



Therefore, - ~ - - - 
By this value of c, we have 



(3.1416)i>} 
_ (3.1416)I > 
" (86164) 
_(3.1416)^i> 



- (2> 



The v^hle force of gravity, at the equator, is the diatanco 
a body will fall the first aeoond of time, expressed in feet. 
Let us call this distance jr. £Tow the part of gravity des^ 
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tion, then, is tie weight of the sea about the equator i 

and tJiweby tendered susceptihle of heing euppoited at a 

higJier level than at the poles, where no such coiinteractin^ 



troyed by rotation, as we haw just seen, is -=; therefore the 
whole force of gravity is (^-^--ij- ) 

Our next incLuiry ia: what part of Hw whole is ife jpart de- Katiooftin 
troyed? Or what part of (^1-1--;^-) is jit ^°^^ 

Which, by a, 




,1416) ^I> ■ 



(8 6164)^16.07) 

c" ~ (.3.1416)=B^(3.1416)'(7925)(5280)' 
By the application of logarithms, we soon find the value of 

this expression to he 288.4. Therefore, gJ) , , =^ i>BQ a ' 

We may now inquire, how rapidly the earth must revolve 
on its asis, so that the whole of gravity would be destroyed 
on the equator. That is, so that i^ shall equal g. Kquatioa 

(1) then becomes, g=^-f., or c-^^^JgD. 

But as often as c is contained in tho whole circumference, 
is the corresponding number of seconds in a revolution; that 
is, the time in seconds must ooirespond to the aspression. 
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( 58. ) It is tliis centrifugal force itself tbat changed fbs 
shape of the earth, and made the equatorial diameter greater 
than the polar. Here, then, we hayo the same eaase, exer- 
cising at once a direct and an indirect influe Th m t 
>" of the former ( as we maj see by the not ) as ly c. 1 - 
°f lated ; that of the latter is far more difficult A 1 * 
a- knowledge of the integral calculus, "But th b 1 ly 
treated by Newton, Madanrin, Clairaut, and m y th m - 
nent geometers," and the result of their h t g t to 
ahow, that owing to the elliptic form of the th 1 i 
independently of the centrifugal force, its att t ht to 
increase the weight of a body, in going fr m th q t to 
the pole, by nearly its j^^th part; which, together with the 
^j- th part, due from centrifugal force, make the whole quan- 
tity "il^th part; which corresponds with observations as 
deduced from the vibrations of pendulums." — See Naiurtd 




(59.) The form of the earth 

'^" ' ia so nearly a sphere, tbat it is 

considered such, in geography, 

navigation, and in the genera! 

problems of astronomy. 

The average length of a de- 
gree is 69i Engbsh mUes ; and, 
as this number is fractional, and 
inconvenient, navigatora have ta- 
P citly agreed to retain the ancient, 
rough estimate of sixty miles to a degree ; calling the mile a 
ffeogmphieal mile. Therefore, the geographical mile is longer 
than the English mile. 

D, in feet, = (7925)(5280) ; g = 16.076. By the applica- 
tion of logarithms, we find this expression to be 5069 seconds, 
or lb. 24m. 29 s. ; which is about 17 times the rapidity of 
its present rotation. 

In a subsequent portion of this work, we shall show how 
to arrive at this result by another principle, and through 
another operation. 
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CONVERGENCY OF MERIDIANS. 

As all meridiajis come together at the pule, it follows that Ch 
a degree, between the meridians, will heoome leas and leas as 
we approach the pole; and it is an interesting problem to 
traoe the law of decrease.* 

* This law of decrease wiB become apparent, by inspecting 
Eig. 12. Let SQ represent a degree, on the eq[iiator, and 
MQO a sector on the plane of the equator, and of course EC 
is at right angles to the axis C P. Let D Elha any plane 
parallel to ISQC; then we shall have thefoliowing proportion : 

EG : DI : : EQ. : DF. 
In trigonometry, £1 is known a& the radius of the sphere ; 
D las the cosine of the latitude of the point jD (the nume- 
rical values of sines and cosines, of all arcs, are given in trigo- 
nometrical tables} ; therefore we have the following rule, to 
compute the length of a degree between two meridians, on 
any parallel of latitude. 

Role. — As radius is to the cosine of the laiitade; so is Ihe 
length of a degree on the egualor, to iheletiglh of a parallel ds' 
ffree in thai latilude. 

Calling a degree, on the ecLnator, 60 miles, what ia the e. 
length of a degree of longitude, in latitude 42° '{ 

Aa radius (see tables), - - - 10.000000 
Ja to cosine 42° (see tables), - - - 9.871073 
So is 60 miles (log.), - - - - 1.778151 

To 44^5% miles, 1.649224 

At the latitude of 60°, the degree of longitude is 30 miles; 

the diminution is very slow near the equator, and very rapid 

■near the poles. 

In navigation, the DE'a are the known quantities ob- t. 

tained by the estimations from the log line, etc. ; and the ^'p' 

navigator wishes to convert them into longitude, or, what 

is the same thing, he wishes to find their values projected on 

the equator, and he states the proportion thus: 
i>/ : EC :: DF : EQ; 

That is, as cosine of lo&tude ia to radius, so is departure to 

dif„m!,of 
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CHAPTEK II. 



PARALLAX, QENEKAL AND HORIZONTAL. — EBLAIIOK BEIWllEK 
PAEALI4AX A2iD DISTANCE. — REAL DIAMEiaK AND WAQMI- 
TUBB OE THE MOON. 

( 60. ) Parallax is a subject of very great importaBoe in 
astronomy: it fs the key to the measure of the planets — to 
their distances from the earth — and to the magnitude of tho 
whole aolar system, 
in Paroliax ia the difference in position, of any hody, as seen 
from, the center oftlte earth, and from its surface. 

When a body is in the zenith of any observer, to him it has 
no parallax' for he sees it in the same place in thp heavens 
as thongh he » ewed t f om the center of the eirth The 
greatpst posa ble [ arallax that a 1 ody an ha e takes j laee 
when the holy s a the hor zon of the ol&e ver a d tl a 
parallax s called Icnzontal jmrdHax Hereafter when we 
apeak of the \ arallax f a body honzontcd pa allax to he 
understood unless otherwi. expressed 

A olei and summary llustrat on of j aralUx n ^ eral 
given by P , 1^ 
*i Fig. 13. Let 




line GP.ox Op; f-. 
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PARALLAX. 

direction of ZP, or Zp; and the diferencem dweciton, of < 
these two lines, is paralias. When P is in the zemtK there 
inno parailas; when P is in the horizon, tlie angle ZJ* C is 
then greatest, and is the Jiorkonlal parallax. 

We now perceive that the horiEontal parallax of any body 
is equal to the apparent seimdiameter of the earth, as seen from ** 
the body. The greater the distance to the body, the less the i\ 
horizontal parallax ; and when the distance is so great that 
the semidiameter of the earth would appear only as a point, 
then the body has no parallax. Conversely, if we can detect 
no sensible paiallas, we know that the body must be at a 
vast distance from the earth , and the earth itself appear as 
a point from such a body, if, in fact, it were even visible. 

Trigonometry gives the relation between the angles and 
sides of every conceivable triangle ; therefore we know all 
about the horizontal triangle Z CP, when wo know CZ and 
the angles. Calling the borjaontal parallax of any bodyj?, 
and the radius of the earth r, and the distance of the body 
from the center of the earth x ( the radius of the table always 
S, or uiM-y), then, by trigonometry, we have. 



Therefore, 



\sm.jj/ 



From this equation wo have the following, general rule, to 
find the distance to any celestial body : 

Rdlb. — Divuie the radius of the tahles by the sine of the 
horisonlal parallax. Multiply thai ^otient hy the semidxameier ^' 
of the earth, and the product mil be the result. " 

This result will, of coarse, bo in the same terms of linear ^^ 
measure as the semidiameter of the earth: that is, if r is in 
feet, tho result will be in feet , if r la in mile"", the result will 
be in miles, etc. : but, for astronomy, our terrestrial measures 
are too diminutive, to be eonvcnient" (not to say inappropri- 
ate) ; and, for this reason, it is customary to adl the snmdia- 
meter of the earth unity, and then the distance of any body 
from the earth is simply the quotient anting from ditndtmg 
the radius hythe sine ofl/ie hojisonfal paiallax pertaming to 
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CHiP. n. ike body; and it ia obvious, that the leas the parallax, the 
greater this quotient; that is, the greater the distance to the 
body; and the difficulty, and the only di^cuUy, is to obtain 
the hmizorUal par<dlax. 
HoiiieniBi (61.) The horizontal parallax cannot be directly obaerved, 
^ " °iA- ^y reason of the great amount and irregularity of horizontal 
•orved. refraction ; but if we can obtain a parallax at any considera- 
ble altitude, we can compute the horizontal parallax there- 
ftom.* 

The fixed stars have no sensible horizontal parallax, as we 
have frequently Hientioned; and the parallax of the aun is 
so small, that it cannot be fccctly observed (see 40); the 
moon ia the only celestial body that comes forward and pre- 
sents its parallax ; and from thence we know that the moon 
ia the only body that is within a moderate distance of the 

That the moon had a sensible parallas, was known to the 
earliest obserTcrs, even before mathematical instruments were 
at all refined; but, to decide upon its exact amount, and 
detect its variations, required the combined knowledge and 
observations of modern a 



« * In the two triangles 2^9 C and ZPC(E\^. 13), call the 
angles the parallax in altitude, and the angle ZPG^x. 
and Op and C P each equal D. Then, by trigonoraetrj, 
we have 

siD.^2C : sin.;- :: D : r; 
And - - R : wa.x :: B : T. 
Therefore, by equality of ratios {see algebra), 
ain, /iZC : sin.^J : : R : sin. x 
But the sine pZC is the sine of the apparent zenith dis- 
tance. Therefore, 



ain. zenith distance' 
That is , tU Hne of the hvrkmticl parallax is equal to the sine 
tf the parallax in altitude, into the radius, and divided by the 
sine of lite apparent zeniih distance. 
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LUNAR PARALLAX. 

The lunar parallax was first recognized in European and c 
iiartliern countries, bij its appearwg to descrihe more than « 
semidrcle south of the equator, and less than a semidrcle twiih "'' 
tf thai line; and, on an average, it was observed to be a longer „i 
time south, than north of the equator ; hut no such inequality ^^ 
could he olservedjrom the region of the egnalor. 

Observers at the south of the equator, observing the posi- 
tion of the nioou, see it for a longer time north of the eciuator 
than south of it ; and, to ikmn, it a^earg to describe more than 
a semicircle nmth of Oim equator. 

Here, then, we have observation against observation, unless 
wo cau reooneile them. But the only reconciliation that can 
bo made, is to couclude that the moon is reaily as long in one 
hemisphere as the other, and the observed d^orepancy must 
arise from the positims of the observers ; and when we reflect 
that parallax must always depress the object ( see Fig. 13 ), 
and throw it farther from the observer, it ia therefore per- 
fectly clear that a northern observer should see the moon 
farther to the south than it really is , and a southern observer 
see the same body farther north than its true position. 

( 62.) To find the amount of the Innar parallax, requires 
the concurrence of two observers. They should be near the 
same meridian, and as far apart, in respect to latitude, aa 
possible ; and every circumstance, that ooulii affect the resiJt, 
must bo known. 

The two most favorable stations are Groenwich (England) 
and the Cape of Good Hope. They would be more favorable J||| 
if they were on the same meridian ; but the small change in mo 
declination, while the moon is passing from one meridian to '^' 
the other, can be allowed for; and thus the two observationB 
are reduced to tbe same meridian, and equivalent to being 
made at the same time. 

The most favorable times for such observations, are when 
the moon is near her greatest declinations, for then tbe change 
of declination is extremely sIovk 

Let A (Fig- 14) represent the place of the Greenwich ob- 
servatory, and B the station at the Cape of Good Hope. 
is the center of the earth, and Z and Z' are the zenith 
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ts of the observers. Let M 

I be the position of the moon, and 

I tlie observer at A will see it pro- 

ed on the sky at tn,', and the 

ii'ver at B will see it pro- 

I jeeted on the sky at tn. 

\ow the figure A CBM 'a j 
|utdrilateral the angle iCB 
s in wn 1 y the lat t de of the 
two ol servers the angles MA 
C a \ \rB C are the respect ve 
ze fhdistan es talrenfromlSO" 
But the s un of ill the angles 
of any quadrilateral equal to 
f ur r ght angles a 11 ea e the 
angl a 3.t i C snl I. be ng 
I L own the j arallact in^le a 
M kuown 

1 til 3 quadrilateral then we 
h e two bdes, A C ». A CB 
\ \ <ill the angles a 1 th s s 
i ffi ent for the moat ordinary 
mdthemat ai to d de every 
d t dar n conue t w th t 
il t s we a find iV MB 
md finally MC* Now Mf b n^ kn wn the ho iz nt-il 




o- * The direct and analytical muthod oi obtaining MC, wiJl ho 
''very acceptable to the young mathematician; and, for that 

Put AC=CB=T, CM=x, and the two parts of the ob- 
served parallactic angle, M, represented by P and Q, as in 
the figure. Also, let a represent the nattircd sine of the angle 
MAC, and 6 the naiju-ol sine of the angle MB C : 

Then, by trigonometry, - x : a : : r : sin, Q; 

Also, X :b :: r : sm. F; 

Hence, - - - - sin. P+sin. «2=^^K . . (1) 
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paiallas can 'be compiiLed, for it is but & function of the dls- Chi? 
tanee (see 60). 

By the eijaation (Art, 60), a;=(-: \- 

By changing, - - - sin. p^=( — '~yi iind whens, the 

^stance, is known, sin. y, or sine of the horizontal parallas, 
13 known. 

(63.) Tie result of Buch ohseryations, taken at 6i£ferent Va 
times, show all values to MC, between 55yYo' ^"^ ^^t'oVi ^.'''°''° 
taking the value of r as unity. 

These variations are regular and systematic, both as to 
time and place, in the heavens ; and they show, witijout fur- 
ther investigation, that the moon does not go round the earth 
in a circle, or, if it does, the earth is not in the center of that 
circle. 

The parallaxes corresponding to these extreme distances, 
are 61' 29" and 53' 50". 

When the moon moves ronnd to that part of her orbit A| 
which is most remote from the earth, it is said to be in apogee; '"' 
and, when nearest to the earth, Jt is said to be in perigee. 
The points apogee and perigee, mainly opposite to each other, 
do not keep the same places in the heavens, but gradually 
move forward in the same direction as the motion of the moon, 
and perform a revolution in a little less than nine years. 

But, by a general theorem in trigonometry, 

Now by eciuating (1) and (2), and observing that /'-4-Q= 
M, and that ( cos. — ^ — 1 must be estremely near unift/ ; 
and, therefore, as a factor, may disappear ; we then have, 
^sm.^ _^ , or .c 2sin,^J/ 

A more ancient method is to compute the value of the little 
triangle SC G, and then of the whole triangle A MG, and 
then of a part A MC atMGC. 
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( 64.) Many times, when tlie moon comes round to its peri- 
gee, we find its parallax less than 61' 29", and, at the oppo- 
site apogee, more than 53' 50". It is only when the sun is 
in, or near a lino with the ianar perigee and apogee, lliat 
these greatest extremes are observed to happen ; and when 
the sun is near a right angle to the perigee and apogee, then 
the moon moves round the earth in an orbit nearer a circle; 
and thus, by observing mth care the variation of the moon's 
parallax, we find that its orbit is a reviving ellipse, of vamiMe 
eccerariciiy. 

(65.) Because tho moon's distance from the earth is va- 
riable, therefore there must be a mean distance: we shall 
show, hereafter, that her motion is variable ; therefore there 
is a mean motion; and, as the eccentricity is variable, there 
is a mean eceeniticky. 
" The extreme parallaxes, at mean eccenlridiy, are 60' 20" 
' and 54' 05" , and tho corresponding distances from the earth, 
s. are 56.93 and 63. (i4, the radius of the earth being «»%. 
The mean parallax, or mean between 60' 20" and 54' 05", is 
57' 12".5 ; but the parallax, at mean distance, is 57' 03"*. 

* It may seem paradoxical that the mean parallax, and the 
paraOax at mean distance are different qaantities ; but the 
following investigation will set the matter at rest. Let d and 
7> be extreme distances, and M tho mean distance. 

Then, ... - d-{-J}='i.M. ... (1) 
Also, let jj and P be the parallaxes corresponding to the dis- 
tances d and I) ; and put x to represent the parallax at mean 
distance. Then, by Art. 60 (if we call the radius of the 
tables unity), we have 

d=-X~, D=J~^. and M=J~. 
sm.p sin. P sin. a; 

Substituting these values of d, D, and M, in eciuation (1) we 
Or,- - - 3in.P + -i'=^?4^- (2) 
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Ttei 



a between extreme distances ii 



55.92+63-84 



but the ime mean distance is 60.2C, corresponding to the 
parallax 57' 3". Tho wean, between estreines, is a variable „,, 
quantity; but tho true Ttiean distance ia ever tie same, a 
little more than 60i /inws the semidiameter of the earth. 

(66.) The variations m the mom'' a real disia/nce must cor' 
respond to ajiparent vanations in the moon's diameter; and if 
the moon, or any other body, should have no Tariatiou in 
apparent diameter, we bhould then oonolude that the body 
was always at the same diBtance from «a. 

The ehanffe, in apparent dlanuter, of any heavenly body, is 
numerically proportioned to lis real chixnge in distance; as 
appears from the demonstration in the note below.* 

But by a well known, and general theorem in trigonometry, 

.eh„.,si..P+™.,,=2™(£±f)o...(£=2) (3) " 

By equating (3) and (2), and observing that the cosines 
of very small arcs may be practically taken as unity, or ra- 
dius; therefore. 



...(^). 



Or, sin 

* Let A be the 
point of vision, and 
d the diameter of 
any body at diffe- 
rent distances, ^5, .^ 


we find 


x=5r 

Fig. 15 




AO. 

Now, by trigonometry, 
AC : d 
AB : d . 


: R 

: B 


the follovi 
tan. G 
tan, £ 


ling proportions 

AD 

AK 
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Now if tLe moon has a real change in dietanee, as obseiia- 
tions show, such change must be accompanied with apparent 
changes in the moon's diameter; and, by directing ohsorva- 
tions to this particular, we find a perfect coircspondence ; 
showing the harmony of troth, aod the beauties of real 
science, 
c- We have seTeral times mentioned that the moon's horizon- 
" tal parallax is the semidiameter of the earth, as seen from the 
■i- moon ; and now wo further say, that what we eall the moon's 
''" semidianjeter, an observer at the moon woidd eall the earth's 
horizontal parallas ; and the variation of these two angles de- 
pends on the iame evrcumitance — the variation of the distanco 
between the earth and moon; and, depending on one and the 
same cause, they imiBt vary in, just the aame proportion. 

When the moon's horizontal parallas is greatest, the moon's 
semidiameter is greatest ; and, when least, the semidiameter 
is the least ; and if we divide the tangent of the semidiameter 
by the tangent of its horizontal parallax, we shall always find 
the aame quotient (the deeimal 0.27293) ; and that quotient 
is the ratio between the real diameter of the earth and the 
diameter of the moon.* Having this ratio, and the diameter 
of the earth, 7912 miles, we can compute the diameter of the 

7912x0.27293=2169.4 miles. 

From the first proportion, - - -AC tan. OAD^dR ; 

From the second, AB l3.n. BAE=^dR: 

By equality, - - - - ACim.GAD=AB txa. BAB. 

This last eq^uation, put into an equivalent proportion, gives : 
AC : AB : t&n. BAE : : tm. CAD. 

But tangents of very small arcs ( such as those under which 

the heavenly bodies appear) are to each other aa the arcs 

themselves. Therefore, 

AC : AB :: angle BAS : angle CAS; 

That is; the anfftilar meamres of the sixnu body are inver.iehf 

proporttoTud to the corree^cmding diatamees. 

* This requires demonstration. Let E be the te(d aemi- 
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APPEAKANCE FROM THE MOON. 

As spheres are to eaeli otter in proportion to tLe ctdes of fate. 
their diaraeteis, therefore the bulk (not mass) of the earth, 
is to that of the moon, as 1 to ^'j, nearly. 

A.i the moon's distance is 60J. times the radius of the earth, Aug 
it follows that it is about ■g\i'h nearer to us, when at the J^^"^^" 
Eonith, than when in the horiaon. Making allowance for this diamew 
(ia proportion to the cosine of the altitude), is called the """'■ 
(mgmenlation of the semidiameter. 

( 68. ) It may be remarked, by every one, that we always The . 
see the same face of the moon ; which shows that she must " """" 
roll on an axis in the same time as her mean revolution about 
the earth ; for, if she kept her surface toward the same part 
of the heavens, it could not be constantly presented to the 
earth, because, to her view, the earth revolves round the 
moon, the same as to us tbo mooa revolves round the earth; 
and the earth presents phases to the moon, as the moon does 
to us, except opposite in time, because the two bodies are 
opposite in position. When we have new moon, the lunarians 
have full earth ; and when wo have first c[uarter, they have 
JMt quarter, etc. The moon appears, to us, about half a 
degree in diameter ; the earth appears, to them, a moon, about 



diameter of 




tween the 

two bodies ; and let the radius, of the tables be iiuity. Put 
P to represent the moon's horizontal parallax, and g its appa- 
rent semidiameter. Then, by trigonometry, 

i) : .ff : : 1 : tan. P; and i) : m : : 1 : tan. », 
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. two degrees in diameter, invanaili/ fixed in ifmr sh/^ and tlifl 

stars passing slowly behind it. 
3n "But," says Sir John Herschel, "the moon's rotation on 
'" her axis is uniform ; and since her motion in her orbit is not 
so, we are enabled to look a few degrees round the eciuatorial 
parts of her visible border, on the eastern or western side, 
according to offcmn stances ; or, in other words, the line join- 
ing the centers of the earth and moon fluctuates a little in its 
position, from its mean or average intersection with hor sur- 
fe,ce, to the east, or westwaid. And, moreover, since the 
azis about which she revolves is not eaactly perpendicular to 
her orbit, her poles come alternately into view for a smal] 
space at the edges of her disc. These phenomena are known 
by the name of lUrations. In consequence of these two dis- 
tinct kinds of lihration, the same identical point of the moon's 
surface is not always the center of her disc ; and we therefore 
get sight of a zone of a few degrees in breadth on all sides 
of the border, beyond an exact hemisphere." 



CHAPTEK III. 

The earth's orbit eccebikic. — TBb appakbht ahoulaH 
motion op ihb sdn not umieosm.— 
tasob, keal, aiid angular motion 
the orbih. 

Obh.ui ^ 69. ) The sun's parallax is too smaJl to be detected by 
iTie (un ally coraiUon means of observation ; hence it remained un- 
^^^iff^ "" known, for a long series of years, althongb many ingenious 
methods were proposed to discover it. The only decision 
that ancient astronomers could make concerning it was, that 
it must be less than 20" or 15" of arc ; for, were it as mnch 
as that ciuantity, it could not escape observation: 

Now let us suppose that the sun's horizontal parallax is less 
than 20" ; that is, the apparent semidiameter of the earth, as 
seen from the sun, must be less than 20"; but the semidia- 
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meter of the sun is 15' 56", or 956"; therefore the sun must Ch*?. 
be vastly larger than the earth — by at least 48 times its 
diameter ; and the bulk of the earth must he, to that of the 
sun, in as high a ratio as 1 to the cube of 48. But as we do 
not suffer ourselves to know the true horizontal parallax of 
the sun, all the decision we can make on this subject is, that 
the sun is vastly larger than the earth. 

( 70. ) Previous observations, as we explained in the first noes 
section of this work, clearly show, or give the appeamme of "" ^" 
the STin going round the earth once in a year ; but the appear- the i 
once would be the same, whether the earth revolves round the """^ 
sun, or the sun round the earth, or both bodies revolve round 
a point between them. We are now to consider which is the 
most probable : Ihai a large body shosdd dradaie round a much 
smaller one; or, (he smaller one rownd a. large me. The last 
suggestion corresponds with our knowledge and esperienee in 
mechanical phU(«ophy; the first is opposed to it. 

(71.) We have seen, in the last chapter, that the semidia- 
meter and horiaontaJ parallax of a body have a constant rela- 
tion to each other; and, while we eannot discover the one, 
we will examine all the variations of the other ( if it Jtaaie va- 
riations '), and thereby determine whether the earth and sun 
always remain at the same distance from each other. 

Here it is very important that the reader should clearly jieii 
understand, how the apparent diameter of a heavenly body "'■'n=»=t 
can be determined to great precision. mettrs. 

As an example, we shall take the diameter of the nun; but 
the same principles aie to bo followed, and the same deduc- 
tions are to be made, whatever body, moon, or planet, may bo 
under observation. 

An instrument to measure the apparent diameter of a planet Tte mi 
is called a tmcrometa: It is an eyepiece to a telescope, with """"■ 
opening and clomng parallel wires; the amount of the opening 
is measured by a mathematical contrivance. For the measure 
■of all small objects, the micrometer is esclusively used ; and 
since it is impossible that any one observation can be relied 
apon as accurate (on aeeouat of the angular space eclipsed 
by the wires), a, great number of observations are taken, and 
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'■ IK- the wrean reanlt is regarded aa a single observation. Gene- 
rally speaking, the following methodis more to be relied upon, 
wben large angles are measured, and to it wo commend special 



TiiB'nw- The mt^oAd^ends on the time employed by the body in pass- 

in° ms^n ^^ ffie perpeyidicidar wires of the transii inslnimeni. 

ihemeriiiiBn. AD bodies ( by the revolhtion of tlie earth ) eome to the 
meridian af right angles, and 15 degrees pafla bj the meridian 
in one hour of aidiireal time; and, in four minuteSf one de- 
gree will pass; and, in two minutes of time, 30 minutes of arc 
will pass the meridian wire. 

Now if the sun is on the equator, and stationary there, and 
employs two minutes of sidereal time in passing the meridian, 
then it is evidisnt that its apparent diameter ia just 30' of arc ; 
if the time is more than two minutea, the diameter is more ; 
if less, less. 

But we have just made a supposition that ia not Prue; we 
have supposed the sun stationary, in respect to the stars ; but 
it is not so: it apparently moves eastward; therefore it will 
not get past the meridiitn wire as soon aa it would if station- 
ary, lierwe we must have a correction, for ike sun's .motion, 
applied Co the time of its passing the meridiem. 
Comotioni We have also supposed the sun on the equator, and for a 

w.bgmide. ^^^^gjj(^ Continue the suppoaition, and also conceive its dia- 
meter to be JHst 30' of a/rc. Now suppose it brought up to 
Ihc 20th degree of deelination, on that parallel, it will estend 
over more than 30' of arc, because meridiann converge toward 
the pole; ther^ore the farther the sun, or any other hody is from 
the equator, ike lotiger it -will he in passing the meridian on that 
accowtt; the increase of time depending os the cosine cf the 
dedinaHon. (See 69.} 

Hence two corrections must be' made to the actual time 
that the sun oeenpies in crossing the meridian wire, before wft 
can proportion it into an arc ; one for the progrossiTO motion 
of the sun in right ascension ; an5 one for the existing decli- 
nation. "We give an example. 
Meaodof **" *^^ ^'^^^ ^y "^ '^^'^^' ^^^^' *^^ sidereal time (time 

imidine ihe measured by the sidereal clock ) of the sun passing the me- 
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ridian wire, w^ observed to be 2 m. 16.64 s. ; tte declination oua 
was 22° 2' 45", and the hourly increase of right ascension was eiaci 
10.235 s. What was the sun's semidiameter 1 ""' 

36008. : 10.235 s. :: 136.64 : 0.39 s. 

Observed dura, of tran., in sees,, 136.64 

Reduction for soiar motion, - .89 

136.25 . . log.- 2.134337 

Doe. 22° 2' 45"; cosine, - - - 9.967021 

Duration, if stationary on eijna,, 126.3 s. . .log. 2.101368 

Minutes or seconds of time can be changed into minutes ot 
seconds of arc, by multiplying by 15 ; therefore the diameter 
of the sun, at this time, subtended an are of 1894". 5, and its 
seinidiameter 947".2, or 15' 47".2 ; which is the result given 
in the Nautical Almanac, iroin which any number of ezampl^ of 
this kind oan be taken. We give one more example, for the 
benefit of those who may not have a Nautical Almanac, 

On the 30th day of December (not material what year), 
the sidereal time of tho sun's diameter passing the meridian 
was observed to be 2 m, 22.2 s„ or 142.2s. The sun's 
hourly motion in right aaeenaion, at that time, was 11.06 &., 
and the declination was 22° 11'. What was the sun's semi- 
^ameter? * Ans. 16' 17".3. 

These observations may be made every clear day through- ^ 
out the year ; and they have been made at many places, and ^^j^,^ 
for many years; and the combined results show that the""" 

" The following is tho formula for these reductions ; 
15(f-0oos..D _ 
R 
Heief is the ohserved interval in seconds, c is the corroction foT tbe in- 
crease in Hght Escension.Qis the declination, K the radius of the tables, 
and s is the result in seconds of arc, c is always very small ; for one 
hoQT, or 3600 s., tho variation la never less than 8.976 s., nor more than 
li.llB. Tho former happens about the middle of September; thelut- 
tet about the 9(lth of December. For the meridian passage of the moon, 
the correction c is considerable ; because the moon's increase of right 
ascensian is comparatively very rapid. For the planets, c may be dis- 
r^^ded. 
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*^°"- ™- apparent diameter of tte sun is tte same, on the same day of 
the year, from whatever station observed. 

The least semidiameter is 15' 45". 1 ; whioli corresponds, ia 
time, to tho first or second day of July; and the greatest ia 16' 
17".3, which takes place on the 1st or 2d of January. 

Now OB we cannot suppose that there is any real change in 
the diameter of the snn, we must impute this apparent change 
to real change in the distance of tiie body, as explained in 
Art. 66. 
Vsriitioo Therefore the distance to the sun on the 30th of Decem- 
iLoo" f*m '^®'"' "'^'' ^^ '" ^*^ distance on the first day of July, as the 
the Barii m number 15' 45".l is to the number 16' IT'.'i, or aa the num- 
Uie sun. jjgj. 945,;l to 977.3 ; and all other days in the year, the pro- 
yorlkmal distance must be represented by intermediate num- 
bers. 

From this, we perceive that the sun must go round the 
earth, or the earth round the sun, in very nearly a circle ; for 
■were a representation of the curve drawn, corresponding to 
tho apparent semidiameter in different parts of the orbit, and 
placed before us, the eye oould scarcely detect its departure 
from a circle. 

(72.) It should be observed that the time elapsed between 
the greatest and least apparent diameter of the sun, or the 
reverse, is just half a year; and tho change iu the sun's lon- 
gitude is 180°. 
Eooonbi- If we would consider the mean distance between the earth 
'nh'° wT '^'^'^ '""^ asunUy (as is customary with astronomers), and then 
how known, put X to represent the least distance, and y the greatest dis- 
tance, we shall have 

And, - - ic : y :: 9451 : 9773. 

A solution gives !i:=0. 98326, nearly, and y=1.01674, nearly; 
showing that the leasl,mean, and greatest distance to the sun, 
must be very nearly as the numbers .98326, 1., and 1.01674. 
The fractional part, .01674, or the difference between tho 
extremes and mean {when the mean is v.miy), Is ealied the 
ecceTitricil;) of the orbit. 
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SUN'S MOTION IN LONGITUDE. 77 

Tte eccetilridly, as just mentioneiJ, must not be regarded as Chip, in, 
aiieurato. It is only a first approzimation, deduced from the 
first and most simple view of the subject ; but we shall, here- 
after, give other expositions that will lead to far more accu- 
rate resalta. 

In theory, the apparent diameters are sufficient to determine EocDnirici- 
the eoeentrieitj, could we really observe them to rigorous '^^^" ^^^, 
exaetaes^; but all luminous boc^es are more or less affected meiot. oiJy 
by irradiaikm, which dilates a little their apparent diameters; *pi™"='™- 
and the exact quantity of this dilatation is not yet well 
ascertained. 

( 73. ) I'he eun's right ascension and declination can be 
observed from any observatory, any clear day ; and from 
thence we c^n trace its path along the celestial ooncaye sphere 
ahore us, and determine its change from day to day; and we 
dnd it runs along a great circle called the ecliptic, which 
crosses the equator at opposite points in the heavens ; and 
the eeliptio inclines to the eijtiator with an angle of about 
23° 27' 40". 

The plane of the ecliptic passes through the center of the 
earth, showing it to be a great circle, or, what is the same 
thing, showing that the apparent motion of the sun has its 
center in the line which joins the earth and sun. 

The apparent motion of the sun along the ecliptic is called Vnriaiiont 
longitude ; and thia is its most regular motion. '" J"' 

When we compare the san'i motion, in longitude, with its g^B, com- 
semidiametor, we find a correspondence — at least, an apparent p""^ ';'''•' 
connection. i^ longituiie. 

When the semi diameter is greatest, the motion in longitude 
is greatest; and, when the semidiameter is ieast the motion 
in longitude is least ; but the two variaiions have not the seme 

When the sun is nearest to the earth, on or about the 30th 
of December, it changes its longitude, in a mean solar day, 
1° 1' 9".95. When farthest from the earth, on the 1st of 
July, its change of lon^tude, in 24 hours, is only 57' 11''.48. 
A uniform motion, for the whole year, is found tobe 59'8".33. 

The ancient philosophers contended that the sun moved 
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'• i^' - about the earth in a circular orbii, and its real velocity uni- 
form ; but the earth not being in the center of the circle, the 
same portions of tlie circle woald appear under tfl^erenfoi^fes; 
and hence the yariatlon in its apparent angular motion, 
a leiDit Ud„ if tfiia Ja a true view of the subject, the variation in 
anguiai angular motion must be in exact proportion to the variation in 
■n is in distance, aa explained in the note to Art, 66 ; that is, &45".l 
,^™'^ should be to 977".3, as 57' 11".48 to 61' 9".95, if the sup- 
I Bqnire position of the first observers were true. But these numbers 
^' '"^have not the same ratio; therefore this supposition is not 
satiafactory ; and it was probably abandoned for the want of 
this mathematical support. The ratio between 945".l, and 

''""•^" g|=1.034I,».,l,; 

between 57' 11".48, and61'9".95, gg—°-^= 1.0694, nearly. 

If we square (1.0341) the>s( ratio, we shall have 1.0693(5, 
a number so near in value to the second ratio, that we con- 
clude it ought to be the same, and would be the same, pro- 
vided we had perfect accuracy in the observations, 
iw bo- Thus we compare the angular motion of the sun in diffe- 
ind di>^ ^^^ p3^ '>^ its orbit ; and we always find, tkat tlie inv&r&e 
I. sgtmre (f (^ (Bsttmce is prtpoTtioTiol lo its asiffular wolion ; and 

this incontestible/orf is so exact and so regular, that we lay 
it down as a law; and if solitary observations do not corre- 
spond with it, we must condemn the observations, and not 
the law. 

(74.) To investigate this subject thoroughly, we cannot 
avoid making use of a little geometry. 

Let Fig. 17 represent the solar orbit,* the sun apparently 
revolving about the observer at 0, The distance from to 

• We aay solar orbifiwhen it is really the earth's orbit; so we apeak 
of theeun'a motion, when it ia really tlie motion of the earth ; and it 
ia customary, with aatronomerB, to speak of apparent motionB as real ■ 
and none object to this manner of speaking, who haye a clear or en- 
larged view of the science — for to depart from it would lead to oft- 
lepeated and troublesome technicalities, if not to confusion of ideas, 
Clearness does not alwaya correspond with esBCtneaa of expression. 
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VARIATIONS IN SOLAR MOTION. 

Ota/ poir^ in the or- ' Fig. 17. 

bit is called the r 

dim vector ; and it 

a varying qaantitj, 

oonceived to swoep i 

round the point 0. 

.Let D be the va- 
lue of the radius vec- 
tor at any point, and 
rD its value at Bome 
other point, as repre- 
sented m the figure. Let y represent the real motion of the 
sun, for a very short interval of time, at the extremity of the '" 
radius vector D; and x represent the real motion, at the ti< 
extremity of the radius vector r Ji, in tte same time. 

From 0, as a center, at the distance of unity, describe a 
circle. Put A to represent the angle under which <k appears 
from 0; then, by observation, r'A is the angle under which y 
itppears from the same point. 

Now, considering the sectors as triangh 
lowing proportions ; 




e have the fol- 



1 



rD 



From the first, - - a 


■,=rAD, 


From the second, - y 


■=T=AD. 


Multiply the first of these 
that ! 


cc(uatioii, 
'i=rx. 



by r, and we perceive 



This last equation shows that the real velocity of the earth 
in its orbit varies in the inverse ratio as the radius vector m ^' 
U varies directly as the apparent diametm- of the mn. it 

( 75.) If we multiply rD'hyx, the product wiU express the "^ 
double of an enrea passed over by the radius vector in a certain « 
intorval of time; and if we multiply D by y, we shall have "^ 
the double of another area passed over by the radius vector in 
the same time. But the first product is rBx, and the second 
is the same, as we shall see by taking the value of y (ra;); that 
is rDx=rJ)x; hence we annoxtuce this general law: 
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'• It'' Thai the iolai radiut, xectm dt^cnhi e 



'' Wben espresai_d in moie general terms, ttiia la one of the 

B- three laws of Kepler, which will be fully brought into notice 
in a siibsec[uent part of this woik 

K we draw hues Irom any point in a plane reciprocally 
proportionil to the sun's apparent diameter and it ■ingkb 
differing ai the Lhing« uf the sun's longitude and then con 
nect the extiemitiea of such hnea made all round the point 
the connecting lines wiU form a curve, eorreeponding with an 
ellipse (see Fig. 18), which represents the apparent solar orbit ; 
and, from a review of the whole subject, we give the foDow- 
ing summary : 

'f 1. The eccrnitriciiy of ike sdw ellipse, as determined from, the 

" apparent diameter of the suv, is .01674.* 

2. The spin's ar^ar velocity varies inversely as the square 
of Us distance from the earth. 

3. The re(d velocity is inversely as the dislatKe. 

4. The areas dtscnbed hj tlte radtus vector are proporho lal 
to the times of descnpl-on 

(76.) We have several tmies mentioned, that as far as 
appearances are coi cerned it is imioater il whethei we i,on- 
sider the sun m vi ^ round the eartl or the ea-th round the 
sun; for, if the earth la m one position of tho heivcns the 

* By maJting se of the -d principle above cited we can 
compute the cccentr tj of the orbit to gi eater preoi^on than 
by the apparent diameters, because the same error of obser- 
vation on longitude would not be as proportionally great as 
on apparent diameter. 

Let .ff'be the eccentricity of the orbit; then (1 — H) is 
the least distance to the sun, and (!-{-£!) the greatest dis- 
tance. Then, by observation, we have 



Or, (l—Ey : (14-.£')= 
Or, 1—£J : 1+S 

Whence ^=.016788-|-. We shall give a still i 
rate method of computing this important element. 



9".95; 
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1 elliptical orbit, 



SUN'S ELLIPTICAL MOTION 

Bun appears exactly tu 
the opposite position, 
and every motion 
made by the eaitli 
must correspond to an. 
apparent motion made 
by the sua. 

But, for the purpose 
of getting nearer to 
fact, we will now sup- 
pose tiie earth revokes round the s 
ta represented by Fig, 18. 

We have very much exaggerated the eccentricity of the 
orbit, for the purpose of bringing principles clearer to view. 

The greaUst and least distances, from the sun to the earth, 
make a straigM line through the aun, and cut the orbit into 
two equal parts. When the earth is at B, the greatest dis- 
tance from the sun, it is said to bo in apogee, and when at A, 
the least distance, it is in perigee; and the line joining the 
apogee and perigee is the major, or greater diameter of the 
orbit ; (end U is the only ditaneter passing through the sun, thai 
cuts the orbU into two e^utd parts. 

Now, as equfd areas are described in eqiuil times, it follows 
that the earth must be just half a fear in passing from apogee '" 
to perigee, and from perigee to apogee ; provided that these pc 
points are stationary in the heavens, and they are so, very *'' 
nearly.* ^ 

If we suppose the earth moves along the orbit from i> to 
A, and we observe the sun from D, and continue observa- 
tions upon it until the earth comes to 0, then the longitude 
of the sun has changed 180°; and if the time is less than 



» The longer axis of ths orbit, or apogee point, chauges position by 
a very slow motiou of about 12" per annum, to the eastward : but this 
motion must be disregarded, for the present, as well as Jnonj/ olJier nii- 
iiiito deviations, to be bronglit into view when we are better prepared 
(o understand them. 

Those minute variations, for short periods of time, do not senslbljr 
nffect general resulCa. 
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CHtf. 111. half a jear, we are sure the perigee is ia this part of tlie 
(irLit. If we continue oliservations round and round, and 
find wlsere 180 degrees of longitude correspond with half a 
year, there will be the position of the longer axis ; which is 
sometimes called the line of the apsides 
Di£Bcu!ii«s, iVe cannot determine" the exact point of the apogee or 
perigee, by direct observations on the sun's apparent diame- 
ter; for about these poiats the yariatious are extremely slow 
and imperceptible. 

If we take observations m respect to the sun's longitude, 
when the earth is at h, and watch for the opposite longitude, 
when the earth is about a, and find that the area 6 Da was 
described in little less than half a year, and the area aCh, in 
a little more than half a year, then we know that b is very 
near the apogee, and a very near the perigee. 

If we take another point, b', and its opposite, a', and find 
converse results, then we know that the apogee is between 
the points h' and 6, and we can proportion to it to great esact- 

Lonjitnde (77,) The longitude of the apogee, for the year 1801, was 

aid peMgee' ®^° ^^' ^ "' "^^ "^ course, the perigee was in longitude 279° 

31' 9" These points move forward, in respect to the stars, 

ab 1 1 nually, and, in respect to the eciuinox, about 62" ; 

m tlj 61".905, and, of course, this is their annual 

f 1 ngitude. 

In th y r 1250, the perigee of the sun eoineided with the 

winte 1 t e, and the apogee with the summer solstice; and 

at th t tun the sun was 17S days and about 17^ hours on 

th th le of the eciuator and 18C days and abcut 12^ 

h ur tt th north side , being longer in the northern hemi 

ph th n the southern by teven days and 10 hours at 

p t th excess is seven days and near 17 hour'! 

*"" (78 ) A the sun is a longer time in the northern than in 

•riiei. ^^^ southcm hemisphere the first impression might be that 

more solar heat is received in one hcmispheie thin in the 

otlier; but the amount is the same, for White vei is gained 

in time, is lost in distance, and what is lost jn time is gjirtd 

by a decrease of distance The amount of heat depends on 
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tbe intensity multiplied by the time it is applied; and tlio c 
product of tbo time and distance to the snn, is the same in 
either hemisphere; l)ut the ameunt of heat received, for a 
single day, is different in the two hemiapheres. 

(79.) Conceive a line drawn through the sun, at right 
angles to the greater diameter of the yrhit DSC (see Fig 
IS ), the point C ia 8° 21' irom the first point of Aries ; and 
if we observe the time oocupied by the Hun in describing 180 
degrees of longitude, from this point (or from any point very 
near this point), that time, taken from the whole year, will 
give the time of describing the other 180 degrees. 

Without being very minute, we venture to state, that the 
time of describing the (no PA is 178 days 17^ hours; and"' 
the time of describing the arc 0£D is 186 days 12^ boors. ^, 
Eat, as areas are in proportion to the times of their desorip- *" 
tion ; therefore, 

area CSBA : area CBDS : : 178 17^ : 186 12j. 

By tal ng h If f th g t si t h 11 1 ^ 1 

i!y d th tn ty k w q t ty tl 

m th m t bt Ijt 1 p f 

th tw m 1 t a d th f m th p p t 

h fl d th lu f th tn tj b t th 13 a 

b tt m tb d— w nly g t d w f th f th 

light it throws on tbe general principle. 

{ 80.) Now let us conceive the orbit of the earth inclosed 
by a circle whose diameter is the greatest diameter of the 
ellipse, as represented by Fig. 19. 

For the sake of simplicity we will suppose tbo observer at 
rest at the point o (one focus of the ellipse), and the sun "" 
really to move round on the ellipse, describing equal areas ,b 
in equal times round the point o. '" 

Conceive, also, an imaginary aun to pass round the circle, 
describing eqaal angles, in equal times, round the center m. 
Now suppose the two suns to be together at the point B: — 
they depart, one on tbe ellipse, the other on tbe circle ; and, 
on account of both describing equal areas, in equal times^ 
lonnd their respective centers of motion, they will be together 
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ASTRONOMY, 
fig. 19. 




at the point A^ kqA 
again at the point B, 
and 30 continue in 
each subsec[uent rc- 
Tolution. 

The imaginary Bun 
on the circle every- 
where describes eciaa! 
angles in equal times ; 
and the true snn, on 



only ec[na! areas in 
equal times; but the angles will be unequal. Conceive the 
two suns to depart, at the aame time, from the point B, 
and, after a certain interval of time, one is at s, the other at 
s'. Then we must have 



The angle 






the angle the sun would mate, or its 
Itudo from the apogee ; provided the anguhir 

uniform. The angle Bos is its true 
itude ; the difference b 



motion of the s 
increase of longiti 
is the angle mno. ^ 

The angle Bms' is always known hy Ihe time; and if to 
every degree of the angle Bms' we knew the corresponding 
angle mno, the two would give us the angle Bo s ; for. 

The angle Bms' is called the mean anomdy, and the angle 

Bosh called the (nie anonudi/. 

1. The angle Bms' is greater than the angle Bos, all the 

* way irom the apogee to the perigee; but from the perigee to 

the apogee,the true aun, on the ellipse, k in advance of the 

inia^ary sun on the circle. 

The angle mnoia called the equation of ike center ; that is, 
it is the angle to be applied to the angle about the center m, 
to make it equal to the true anomaly. 

The angle mno depends on the eccentricity of tlie ellipse; 
and its amount is put in a table corresponding to every 
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degree of the mean anormdy ; subtractiye, from tlie apogee to chip. 
the perigee, and additive from the perigee to the apogee.* 

(81.) Again : conceive the two suns {o set out from the same tkb { 
point, B ; and as the angle Bmg' increases uniformly, it will *"' "J^ 
increase and become greater and greater than the angle So*, gives th 
until the true sun attains its mean angular motion, and no '*"'"'''' 
longer. Then the angle mno attains its greatest value, and, 
at that time the side mn=mi, and the point n is perpendicular 
over om, and os is a mean proportional between o B and oA. 
That is, when the sun, or any planet, attains the greatest equa- 
tion, of (lie center, the true sun is very near the extremity of 
the shorter axis of the ellipse : o, the greatest ec[uation of the 
center, can be determined fay observation; and, from the 
greatest equation. We have the most accurate method of com^ 
puting the eoeentrieity of the ellipse, as we may see by the 
note below. t 



t Let C (Kg. 20) be the 
place of the true sun, and (? 


rig. 30. 


the place of the imaginary 
sun; the line mF cuts off 


/\ 


~~x 


equal portions of the eiiole 
and the eliipso. Then we / 
have to make the sector i 


^ 


^\ 


as the circle is to the ellipse. 


Now let 


mB=a., mC^b, or 


>i=ea, =.=3. 


1416'; 



Then, the area of the circle is ^o^ ; the area of the ellipse is 
•nS; that of the sector is (ff^)-, and of the triangle -^. 

Hence. - ~ ; ^Ki) ' ' ^* = '"'''' 

• By amere mechanical coiitrivanoe,llie modern Bstronomioal lablea 
BTB so arranged, tljat aJi eorreotiona ora rendered additive ; so that (he 
mechanical operator cannot make a mistake, as to signfl, end ha may 
continue to work without slopping fo think. These arrangemento 
hare their advantages, but they caver op and ohicnre priadpUi. 
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When once the eccentricity of any planetary ellipse be- 
comes known, the equation of the center, corresponding to all 
degrees of the nwoft anomily, can be computed and put into 
a table for future use ; bat this labor of constructing tables 
belongs exclusively to the mathematician. 

of Or, - - eoJ) : (GF)a : : h : a; 
" Oy, - - ea : GF : : 1 : 1 . 
^t Conaeijueiitly, GF^ea, and FQ^om, ; which stows that the 
of angle o Cm ia nearly equal ioFm O, unless it b a very eccen- 
tric ellipse. Now wo must compute the number of degrees 



in the arc FG. The whole circumference is Snu. 


Therefore, 2iTa 


: ea. :: 360 


: sjaFff: 


Hence, - - ■ 


-\,.Fn ™' 


'-=mghnmC. 


But the angle on: 


m=nm C-f« C™= 


=2«jmC, nearly; 


Th„ef„.,»i 


'-^^nmG^onm 


= greatest equation of 



center, nearly. 

But the greatest equation of the center, for the eolar orbit, 
is, by obserration, 1'^ 55' 30" ; and aa the sun has not quite 
its greatest equation of the center, when at the point C, it will 
be more accurate to put 

Si=lo 66- 24". 

From this equation, it is true, we have only the approsi- 
mate value of e ; but it is a ven/ approximate value, and suffi- 



Redueing both members to seconds, and we have, 
3600-360e=6924!>-, and e=0.0167842. 

The greatest equation of the center is at present diminish- 
ing at the rate of 17". 17 in one hvmdred years : this corre- 
sponds to a diminution of eccentricity by 0.00004166 , which 
ia determined by a solution of the following equation : 

3(300-^^=17".17. 
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CHAKGE OF SEASONS. 



CHAPTEK IV. 



THE OAtFSBS OF THE CHAN&E OF SEASONS. 

(82.) Tha annual revolution of the earth in ita orhit, Cmr 
comhined with the position of the earth's axis to the plane 
of ita orbit, produces the change of the seaaons. 

If the axis were perpendicular to the plain 
there would he uo change of seasons, and the a 
be all the while in the celestial equator. 

Thia will be understood hy Pig. 21. Conceive the plane 
of the paper to be the plane of the earth's orbit, and c 
the several representations of the earth's axia, ^S, to b 
oiined to the paper at an angle of 66° 32'. 
Fig. 21. 



! of its orbit, 
un would then "' 




In all rejiresenCatiun'J of Xi'i one half of it ii 
be above the paper, the other halt below it. 

2fS is always parallel to iteelf, th'it is, it is always in the 
same position* — always at the same inoUnaiion to the plane 

lulcl be improper to notice in 
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^- of its orbit — always directed to the same point in the bea- 
yens, in wliatever part of tlie orbit it maj be. 

The plane of tbe equator, represented bj I!g, is inclined to 

the plane of the ofbit by an angle of 23° 28' 

tance -gy iispeotmg the figure the reader will gather a clearer 

,„ view ot the eulject than by whole pages of dea^ription: he 

will perceive the reason why the sun must ahme over the 

north 2 jle in one part of its orbit in 2 fall aa far short of 

that p lilt when in the oppsiite part of its orbit; and the 

number of degiees of this variation depends of course, on the 

) ogition ot the axi^ to the plane of the orbit 

on 0! Now conceive the line A A to stand perpendicular to the 

' " pliHe ot the paper and continue s then £lj woidd lie on 

of the paper and the sun would at all times bo in the plane of 

tlie et(uat r aid there would be no change ci seasons. If 

JV S were m re incbn d fiom the perpendicular than it now 

isp then we h uld havi, a great r change of seasons. 

By mspecting the figure we peiceive also that when it ia 
summer in tho northern hemisphere, it is winter in the 
southern ; and conversely, when it is winter in the northern, 
it is summer in the southern. 

When a line from the sun makes a right angle with the 
earth's axia, as it must do in two opposite points of its orbit, 
the sun will shine ecjually on both poles , and it is then in the 
plane of tbe ec[uator; which gives equal day and night the 
world over. 

Equal days and nights, for all places, happen on the 20th 

of March of each year, and on the 22d or 23d of September. 

At these times the Bun crosses the celestial equator, and is 

sjud to be in the equinox. 

eqoi. The longitude of the sun, at the vernal equinox, is 0° ; and 

™^ at the autumnal equinox, its longitude is 1&)°. 

The time of the greatest north declination U the 20th of 
June ; the sun's longitude is then 90°, and is said to bo at 
the summer sd^ice. 

The time of tho greatest south declination is the 22d of 
December ; the sun's longitude, at that time, is 270'', and 
is aaiA to be at the m/iler solstice. 
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By inspecting tho figure, we perceiTe, that wlien the Garth CHiP. 
is at the summer solstiue, the north pole, P, and a eonside- Long 
rable portion of the earth's surface around, is within the en- *'"" "'' 
lightened half of the earth ; and as the earth revcJves on its ^tnes: 
axis jVS, this portion constantij remains enlightened, giring »"* i 
a constant day — or a day of wocis and months duration, *'"'° 
aecOTding as any particular point is nearer or more remote 
from the pole: the pole itself is enlightened full sis months 
in the year, and the circle of more than 24 honrs constant 
aunlight extends to 23° 28' frcm the pole (not estimating the 
effects of refraction). On the other hand, the opposite, or 
south pole, S, is in a long season of darkness, from which it 
nan be relieved only hy the earth changing position in its 
orbit. 

" Now, the temperature of any part of the earth's surface ^ J^" 
depends mainly, if not entirely, on its exposure to the sun's e^vh. 
rays. Whenever the sun is above the horizon of any place, 
that place is receiving heat ; when below, parting with it, by 
the process called radiation- and the whole ciuantities re- 
ceived and parted w th n tho y a must balance each othw 
at every stat n the ciuil b u n of temperature would not 
be suppo t d Wh n th tho sun remains more than 

12 hours ab e th h n f a y place, and less beneath, 
the general t mp at re f tl at place will be above the ave- 
rage ; wh n th b I w As the earth, then, moves 
from ^ t £ th da gr w ng 1 ger, and the nights shorter 
in the no tl n h m [ h th t mperature of every part of 
that hemisphere moreases, and we pass from spring to sum- 
mer, while at tho same time the reverse obtains in the southern 
hemisphere. As tho earth passes from 5 to C, the days and 
nights again approach to ec[uality — the excess of temperature 
in the northern hemisphere, above the mean state, grows less, 
as well as its defect in the southern ; and at the autumnal 
equinox, C, the mean state is once more attained. From 
thence to .Z), and, finally, round again to A, all the same phe- 
nomena, it is obvious, must again occur, hut reversed; it being 
now winter in the northern, and summer in the southern 
hemisphere." 
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The inquiry is sometimes made why we do not htwe tliff 
warmest weather about the summer solstice, and tho coldest 
weather about the time of the winter solstice. 

If This would be the case if the s 

'■ give extra warmth, on arriTing at the b 
if it could radiate estra heat to warm the earth three weeks-, 
before it came to the solstiee, it would give the Bamo extra 
heat three weeks' after; and the northern portion of the earth 
must continue to increase ia-^temperature as long as the sun 
continues to radiate more than its medium degree of heat 
OTcr the surfaee, at aay particular place. Conversolj, the 
whole region of country continues to grow cold as long as 
the sun radiates less than its mean annual degree of heat 
over that re^on. The medium degree of heat, for the whole 
year, and for all placest of course, takes place when tho sun 
is on the equator ; the average temperature, at the time of 
the two equinoxes. The medium degree of heat, for ora 
northern summer, considering only two seasons in the year, 
takes place when the sun's declination is about 12 degrees 
north; and tho medium degree of heat, for winter, takes placo 
when the sun's deoKnation is about 12 degrees south; and 
if this be true, the heat of summer will begin to decrease 
about the 20th of August, and the cold of winter must essen- 
tially abate on or about the 16tb of February, in all northerit 
latitudes. 



( 83.) Wb now come to one of the most important subjects 
in astronomy — the equation of time. 

Without a good knowle^e of this subject, there wili be 

constant confusion in the minds of the pupils ; and such is- 

the nature of the case, that it is difficult to understand even 

the facts, without investigating their causes. 

Sidewai Sidereal time has no equation; it is umfonn, and, of itssl^ 

IB psrieoi. perfect and complete. 
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'(The time, by a jtGrfeet clock, is theoretieallj perfect and 
■complete, and is called me<m time. 

The time, by the sun, is wA uniform; and, to make it 
agree with i)ia perfect clock, requires a oorrectioa — a quan- "" 
tity to maie equality; and tHs quantity is called the epila- 
tion of time.* 

If the sun were stationary in tlie Leavens, like a star, it 
woidd come to tbe meridian after exact and equal intervals 
of tilae; and, in tbat case, tliei-e would be no equation of 

If the sun's niotion, in right afieension, were ftniform, tten 
it would also come to the meridian after equftl intervals of 
time, and there would still be no equation of time. But 
( speaking in relation to appearances ) the sun is not station- 
Bry in the heavens, aor does it move uniformly ; therefore it 
Cannot come to the meridian at e'qual intervals of time, and, 
of course, the solar days must bo sligMy unegwd. 

When the sun la on the meiridian, it is then apparent noon, 
for that day ; it is the real solar noon, or, as near aa may be, 'f 
half way between sunrise and sunset'; but it may not be 
noon by %\t perfect clock, which runs hypothetically true and 
sniform throughout the whole year. 

A fixed star comes to the meridian at the expiration of 
■fivery 23 h. 56 m. 04.09 s. of mean solar time ; and If the sun 
were stationary in the heavens, it would come to the meridian 
after every exphation of just that same interval But the 
Sun increases its right aseenaion every day, by its apparent 
eastward motion ; and this increases the time of its coming 
to the meridian ; and the mefoi jntei-wii between its successive 
transits over the meridian is just 24 hours; but the actual 
intervals are variable — some less, and some more than 24 
bours. 

On and about the 1st of April, the time from one meridian 
«f the sun to another, as measured by a perfect clock, is 23 h, 
59 m. 62,4 s. ; less than 24 hours by about 8 seconds. Here, 
then, the sun and clock must be eonstautly separating. On 

• la astronomy, the term equation ia applied to ail < 
convert a mean to its true quantity. 
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Chip. V. acd about tlie 20th of December, the time from one meridian 
" of the sun to another is 24 h, Om. 24.3 s., more than 24 

seconds over 24 Houtb; and this, in a few days, increases to 
minutea — and thna we pereeiTo the fact of equation of time. 
Equation To detect the law of this variation, and find its amount, 
rasuLiTf t«' ^° ™^^'' ^^P^^'^ *1'^ cause into its two natural diTisions. 
oansBa. 1. The tmequal o^mteitt motion of the sun along ifie ecU^Uc. 

2. The varies iTtdincilitm of Ihis tnotien to the eqjeator. 
If the sun's apparent motion along the ecliptic were uni- 
form, still there would he an eq^uation of time ; for that mo- 
tion, in some parts of the orbit, is oblique to the equator, and, 
in other parts, parallel with it; and its eastward motion, in 
right ascension, woiJd bo greatest when moving parallel with 
the ec(uator. 

From the first cause, separately considered, the sun and 
cloci would agree two days in a year — the 1st of July and 
the 30th of December. 

From the second cause, separately considered, the sun and 
clock agree four days in a year — the days when the sun 
crosses the equator, and the days he reaches the solstitial 

When the residts of these two eanses are combined, the 

sun and elook will agree four days in the year; but it is on 

neither of those days marked out by the separate causes ; and 

the intervals between the several periods, and the amount of 

the equation, appear to want regularity and symmetry. 

Days in Tho fouT daya in the year on which the sun and clock 

*h- b"^ agree, that is, show noon at tho same mstant, are April 15th, 

snn and June 16th, September 1st, and December 24th. 

oiooksgrae. ^],g greatest amount, arising from the first cause, is 7 m. 

42s., and the greatest amount, from the second cause, is 9m. 

53 s. ; but as these maximum results never happen exactly at 

the same time, therefore the equation of time can never 

amount to 17m. 35s. In fact, the greatest amount is 16m. 

17 s., and takes place on the Sd of November ; and, for a long 

time to come, tho masimum value will take place on the same 

day of each year; but, in the course of ages, it will vary in 

its amount and in the time of the year in which the sun and 
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dock agree, in eonaeiiuence of the slow and gradiial change chip 
in the position of the solar apogee. (See Art. 77.) 

( 84, ) The elliptical form of the earth's orhit gives rise to The 
the unequal motion of the eartk in its oibit, and thence to the """ " 
apparent uneijual motion of the sun in the ecliptic ; and this and ih^ 
same une^utd motion is what we have denominated the first p"^ ° 
cause of the equation of time. Indeed, this part of the equa^ f^^^ 
tion of time ia nothing more than the equation of the center » =■> 
(80), changed into time at the rate of four minutes to a degree. ""^ 

The greatest equation for the sun's longitude ( 81, note ), 
is \)j ohservation 1° 55' 30"; and this, proportioned into 
time, gives 7 m. 42 s., for the maximum effect in the equation 
of time ariang from the sun's uni^ual motion. When the sun 
departs from its perigee, its motion is greater than the mean 
rate, and, of course, comes to the meridian later than it other- 
wise would. In such cases, the eun is said to be slow — and 
it is slow, all the way from its perigee to its apogee; and fast 
inthe other haK of its orhit. 

For a more particular explanation of the second cause, we 
must call attention to Fig. 22. 

Let TSB^ (B'ig- 
22 ) represent tho 
ecliptic, and -^ 0^ 
the equator, 

Bj the first cor- 
rection, the apparent 
motion along the 
ecliptic is rendered ''^1 
uniform; and the sun 
is then supposed to 
pass over equal spaces 
in equal intervals of 
time al th 
tS^ B t I 1 
spaces ot a t] 

spaces on th q t 
must he d d t 
For instance the uumh 
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. the eeliptie, is greater than to the same meridian aloitg tiio 
equator. The difference between fp^and tpiS", turned into 
time, 13 the eqiiation of time ariaing from the obliquitj of the 
ecliptic corresponding to the point S. 

At the points t, ffl, and i=, and also at the southern 
tropic, the ecliptic and the equator correspond to the same 
meridian; but all olker equal distances, on the eoHptic and 
equator, are included by different meridians, 
to To compute the equation of time arising from this cause, 
!« we must solve the spherical triangle tS^; 9|"5is the sun's 
^longitud d th gl t th hh^ ty fth I pt 

3. and at S ht gl As m J 1 fe t d 

35°, or 40 J th numb f d gr 1 mp t 

the bas Th li£f h t th b d th 

lon^tud rt I t t m th q 1 1? ht 

Bponding tth mdlgtd, Ibyas ^ y 

degree in the first qnadi nt a d p itting the result in a table, 
we have the amount f y 1 g ee of the entire circle, for 

all the qnadrants a sjmm t <tl and the same distance from 
either cquinoi will be the same amount, 
i. The perfect clock, or moan time, corresponds with the 
I™ equator; and as uniform spaecs along the equator, near the 
point i>, will pass over more meridians than the same num- 
ber of equal spaces on the ecHptie ; therefore the sun, at S, 
■wOl he/asl ofclocJc, or come to the meridian before it is noon 
by the clock — and this will be true all the way to the tropic, 
or to the 90tli degree of longitude, where the sun and clock 
will agree. In the second quadrant, the sun will come to the 
meridian after the clock has marked noon. In the third qua- 
drant the sun will again be fast ; and, in the fourth quadrant, 
again slow of clock. 

It will be observed, by inspecting the figure, that what the 
sua loses in eastward motion, by (Mique direction near the 
equator, is made up, when near the tropics, by the diminished 
distances between the meridians. 

Por a more definite understanding of this matter, we give 
the following table. 
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TaUe shomtiff ik^ separate results of the two causes for Ike equa- • 
tion of lime, corresponding to every fifth day of the second 
years after leap year; hut is nearly eon-ectff^- atty year. 





Bm s1d»'' 


iAos^is. 




s:.-,:::; 


Sm slow. 






in. s. 


m. 8. 




m s 


111. a. 


Jannary 5 


41 


5' E 


July 1 


d' 


3 '32 




10 


1 aa 


e 35 




40 


5 8 ■ 




15 


2 2 


7 48 


12 


1 19 


6 35 




ao 


2 11 


8 45 


17 


1 57 


7 48 




25 


3 19 


9 26 


22 


2 35 


8 45 




9U 


3 56 


9 49 


28 


3 13 




Feb. 




4 30 


9 53 


Aug. 2 


3 47 


9 49 




8 


5 9 


9 40 


7 


4 ai 


9 53 




13 


5 32 


9 9 


13 


4 52 






18 


5 39 


8 23 


17 








33 


624 


7 22 


33 


5 50 


8 23 




as 


6 45 


6 9 


9S 


6 14 


7 22 




6 


7 3 


4 46 


Sept. 2 


6 36 






10 


7 18 


3 15 


7 


e 56 


4 46 




15 


7 29 


1 39 


12 


7 12 


3 15 






7 37 


son fast 


17 


7 34 


1 39 




25 


7 42 


1 39 


23 


7 34 


aunfaat 




30 


7 43 - 


3 35 


38 


7 40 


1 39 


April 


4 


7 40 


4 46 


Oct. 3 


7 42 


3 15 






7 34 


fi 9 


a 


7 40 


4 46 




14 




7 22 


13 


7 34 






19 


T 12 


8 23 


18 


7 24 


7 29 






6 56 




23 




833 




30 


6 36 


9 40 


28 


6 56 


9 9 




5 


B14 


9 53 


Nov, 2 


6 36 


9 40 




10 


5 50 


9 49 


7 


6 14 


9 53 




15 


5 aa 


9 ae 


12 


5 50 


9 49 




ao 


4 53 


8 45 


17 


6 aa 


9 26 




26 


4 21 


7 48 


33 


4 52 


8 45 




31 


:i 47 


6 .■)5 


27 


4 22 


7 48 


June 


5 

in 


3 12 
2 35 


6 8 
3 32 


Dec. 3 


3 47 
3 19 


6 35 
5 8 




16 


1 57 


1 48 


13 


3 35 


33a 




31 


1 19 


eimalow 


17 


1 57 


1 48 






40 


1 48 


21 


1 19 


sun Blow. 










26 


40 


1 48 



By tbia table, the regular and HynunetrioaJ result of eaoli 
cause is visible to the eye ; but the actual value of the equa- in 
turn of time, for any particular day, in the combined results '° 
uf these two causes. Thus, tu find the equation of time for 
(he 5th day of March, we look at the table and find that 
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Chap. V. The first causo gives sun slow, - - - 7m. 3 s. 
The second, " sun slow, - - - 4 46 
Their eomhiued result (or algebraic sum) is 1 1 49 slow. 

Tliat is , the sun heing slow, it does not come to the meridian 
until 11 m. 49 a. after the noon shown by a perfect clock ; hut 
whenever the sun is on the meridian, it is then noon, apparent 
time ; and, to convert this into mean time, or to set the clock, 
we must culd 11 m. 49 s. 
Via of ihe gy inspecting tho table, we perceive, that on the 14tli of 
li^.' " " April the two results nearly counteract each other; and eon- 
sequently the sun and clock nearly agree, and indicate noon 
at tho same instant. Oa the 2d of November tho two results 
unite In making the sun fast; and the ec[uation of time is 
then the sum of 6 36 and 9 40, or 16 m. 16 s. ; the maximum, 
result. 

The sun at this time being fasl, shows that it eomos to the 
meridian 16m. 16 s. before twelve o'clock, true mean time; 
or, when the sun is on. the meridian, the dock ought to show 
11 h. 43 m. 44 s. ; and thus, generally, wA«« ihe sun is fast, we 
must subtract the equation of Hme from apparent time, to odlain 
meaiitime; and conver ]y wh th low 

As no clock can berbJp t nft m tun 
or to any ezaot definit tth f Ikmtbf 
quently rectified by the W b th ppar t 

time, and then, by the p| 1 t f th q t f t m w 
determine the true mea I 
AiibiBfo. (85.) As the sun h j-tlmt rrjdi^ 

equaiion of to ovory particular poi t tl ] pt d t tl 

iHs" on''°ihB t™*!! t'*" particular poi t th Ipth dfit 1 

.iHi'a longi- tioa to the equator, th f y p t S (Ti^ 2) 

fenuBr" '" ^^^ ecliptic, has tho tw t f h q t f t m 

consequently a table cabfmdfth qt ftm 
depending on the longt 1 f th d h t 11 

would be }>erpetaal, if th 1 g f th I 1 t d d 

not change its position m 1 t t th £ B t 

that change is very sloi til fthtk I 11 
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many years, with a very trifling correction, and such a, table Cmp. v. 
is to be found ia many astronomical works. 

It ia very important tbat the navigator, asironomer, and U'''''y <" 
dock regulator, should thoroughly understand the ec[iiation of ^^^^^^ 
time; and persons thus occupied pay great attention to it; 
but most people in common life are hardly aware of ita ex- 



CHAPTER VI. 

TUB APPARENT MOTIONS OP THB PLABBTS. 

t StJ ; We have often reminded the reader of the gi'eat •^ 
regularity of the fixed stais, and of their uniform positions in 
i(J t' t ah ther; and by this very regularity and eon- 
sta f lat positions, we denominate them fixed; but 
th a ther celestial bodies, that manifestly change 

th I t ns n pace, and, among them, the s«n and moon 

In p VI OS h pters, we have examined some facts con- i 
coming the sun and moon, which we briefly recapitulate, as '°"° 
follows : 

1. That the sun's distance from the earth is very great; 
but at pr^ent we cannot determine how great, for the want 
of one element — its horizontal parallax. 

2. Its magpitude is much greater than that of the earth. 

3. The distance between the sun and earth is shghtly va- 
riable ; but it is regular in ita variations, both in distance and 
in apparent angular motion. 

4. The moon is comparatively very near the earth; its 
distance is variable, and its mean distance and amount of 
variations are known. It is smaller than the earth, although, 
to the mere vision, it appears as large as the sun. 

The apparent motions of both sun and moon are always in 
one direction; and the variations of their motions are never 
far above or below the mean. oti 

But there ate several other bodies that arc not fixed stars ; tiai i 



)v Google 



ASTRONOMY. 

d Itb ^1 t afl St' s as the sun ami mo ' i^" 
b k f m t m mm m 1 

Th > PI t 1 1 fe t f milj b t 1) 1 til t 

ytm fth w Id dib i tw mp U t 

ytalhy ingthirmt ul 

d t d d tl J Pi d til ry I ty t 

th pp t m t mid t d I y t g I 

-auig hmtfhp tlijt 
I Itmttbdi lldpit d 

' th If t di y— d f y 

tdi ybtth t piL. wll 

kn U ur t t f p m jl wiD f t th 

1 pltV M Jpt dStur W w 

mm g'^i ^ m ob er d/ ct t t d f m h 

mb 1^ t my 

( 87 ) Th f w wh h t b d b t f i 

t th w t htti ft t d II d f th 

i\ et g t Th t ^ Ifw b t 

f Id) fi d tl t t 1 t m t tly 

t th m 1 t f m th It d p t t t 

d ta whi h 1 t 45 th f th I t 1 h m 

ph f t wh h t b g t tur d w di 

ar ly di t w th th k d y ly wl th 

blwtlil n,t bl dyt t tm vasa 

i t ly tt t By d by t t w th th sua, d 

th w * ly P t d t ni g t by tl 

1 ght B t tt t w d V w p th m ^ 

th t h 1 ght t whi 1 w t la bl 

b f It t b t ly f mi t b f 

1 h 11 1 1 w g It 1 t t fr m h 

frmiytdy d^ d tnngm dm 

btftdptgtlt45tbg t t d 

js 1 te b d y 1 1 gth t w tl th d w 

ceaae to distinguish it. la a, few days the evening star again 
appears in the west, very near the sun ; from which it departs 
in the same maniier as before; again returns; disappears for 
a short time; and then the morning star presents itself. 
These alternations, observed without interruption for more 
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Siau 2000 years, evidently iadieate that the ovonlng and Chap. 
morning star are one and the same body. They indicate, also, 
that thia star has a proper motioE, in virtue of which it oscil- 
lates ahont the sun, sometimes preceding and sometimes fol- 
lowing it. 

These are the phenomena exhibited to the naked eye ; but 
the admirable invention of the telescope enables ns to carry 
our observations much farther." 

( 88. ) On observing Venus with a telescope, the irradiation Tiic i 
is in a great measure taken away and we perceive that it 
hai^^oses I Ae the moon At eve e; when appro a h g the 
fun t presents limi no s re ce t the p nts i wh h ai'e 
from the 8 n The c eaeent d m n she s the j lanet draws 
nearer the sin b t after t ha passed the sun ani appears 
on the other s de (he o esecnt a tu ned n the other dueetion ; 
the enl ghtened jart always toward the sun b1 w ng that it 
rece ves ts hght f n tl at great 1 n na y The e scent 
now g aduallj no eases to a sen clad finally to a full ofvon 
c cle 13 the ^la et a^a n app o ! e tl s n ki as l/ie'"^ '•'■ 
cesett ic ease tl aj:^arefii duo lete f le planetdm shes;^^^^ 
and at every alternite app oa h of th pla et to the sun, the i»nriii 
phase of the planet is full, and the apparent diameter small ; " '"'' 
and at the other approaches to the sun, the crescent diminishes 
down to zero, and the apparent diameter increases to its 
maximum. When very near the sun, however, the planet is 
lost in the sunlight; but at some of these intervals, between 
disappearing in the evening, and reappearing in the morning, 
it appears to run over the sun's disc as a round, Hack spot; 
giving a fine opportunity to measure its greatest apparent 
diameter* When Venus appears full, its apparent diameter 
is not more than 10", and when a black spot on the sun, it 
is 59".8, or very nearly 1'. Hence its greatest distance must 
be, to its least distance, as 59". 8 to 10, or nearly as 6 to 1. 

* Astronomers do not measure the apparent diameters of 
the planets by the process described for the sun and moen, 
because they pass the meridian too quickly. Most of thorn will 
pass the meridian in a small fraction of a seeend. They use 
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( 89. ) When we come to form a theory eoneerning the 
real motion of this planet, we must pay particular attention 
to the fa«t, tliat it is always in the same part of the heavens 
J. as the sun — never departing more than 47° on each side of 
" it — called its greatest elongation. In iionsec[Tience of being 
always in the neighborhood of the sun, it can never come to 
the meridian near midnight. Indeed, it always comes to the 
'' meridian ttiilhm three hours 20 mimitea of the sun, and, of 
course, in daylight. But tliis does not prevent meridian ob- 
servations being talcen upon it, through a good telescope;* 

a micrometer, which is two spider lines, always parallel, near 
the foeus of a telescope, and so attached, by the mechanism of 
screws, as to open and close at pleasure. 

To understand its grade of adjustment, bring the two lines 
together, so as to form one line. Then talte any object, 
whose angular diameter is known at that time, as the diame- 
ter of the sun, and open the lines so as just to take in its 
disc, counting the turns, and parts of a turn given to the 
index screw to open to this object. From this we can com- 
pute the angle corresponding to one turn, or to any part of a 
turn, of the indew screw. 

Now if we wish to measure the apparent diameter of any 
planet, bring the lines together, and then open tliem, just to 
inclose the placet; and the number of. turns, or the part of a 
turn, ^yen to the screw, will determine the result. 

This may not be the exact mechanism of every micrometer, 
but this is the principle of their construction. 

« Perhaps we ought to have informed the reader before, "that tho 
stars continue visible through telescopes, daring the day, bs well as the 
night ; and that, in pcoportion to the power of.the instrument, not only 
the largest and brightest of them, bnt even those of inferior luster, such 
as scarcely etrika the eye, at night, as at all conspicuous, are readily 
found and followed evon at noonday, — unless in that part of (he sky 
which is very near the sun,— by those who possess the means of point- 
ing a telescope accurately to the proper places. Indeed, from tho bot- 
toms of deep narrow pits, such as a well, or the shaft of a rnine, such 
brifiit stars as pass the zenith may even be discerned by the naked eye; 
and we have onrselves heard it stated by a celebrated optician, that tha 
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find, as to this partioulav planet, it is sometimes so bright as c 
to be seen hy tlie unassisted eje in tlie daytime. 

( 90.) Even without inatruments and meridian observations, i 
theattentiyBobservcr can determine that the motion of Venus, ^^ 
in relation to the stars, is veiy irregular — sometimes its ,ta 

t pd— mt 1 w— mlm d f— m 

t m tai cmmy d tun I j d Itthdi t 

m t p 1 1 tt a 1 1 th d t 

mrrmilm j d bdtpp ttra 

und d un 1 m g th t 

( ^1. ) But Venus is not the only planet that exhibits the 
appearances we have just described. There is one other, and '*' 
only one — Mercwn/ ; a Very small planot, rarely visible to the lo 
Baked eye, and not known to the very ancient astronomers. 
Whatever description we hav-e given of Venus applies to Mcr- 
oiiry, except in degree. Its variations of apparent diameter 
ere not so great, and it novor departs so far from the sun ; 
and the interval of time, between its vibrations from one side 
to the other of the atm, is much less than that of Venus. 

(92.) These ajipeanmces clecedy indieate tkcd the sim must he 
the center, or near the eenler, of these motions, and not the earth; '" 
and that Mercury must revolve in an orhii ml/iin tliai of Yenwi. 

So clear and so unavoidable were these inferences, that even 
the ancients (who were the most determined advocates for 
the immobility of the earth, and for considering it as the 
principal object in creation — the center of all motion, etc.) 
were compelled to admit them; but with this admission, they 
contended, that the sun moved round the earth, carrying 
these planets as attendants. 

(93.) By taking observations on the other planets, the an- 
cient astronomers found them variable in their apparent diam- le 

earlioat ciroumBtanee Which drew his attention to astronomy, was the 
tegular appearance, at a certain hour, for several successive days, of a 
CDTiaidarable star, through the shaft of a chlmnBy." — HerseliePa Astm- 
liumiy. 

* In BBtrouomy, direct motion is eastward among tUe stars ; station' 
ary Is no apparent motion, in respect to the stars ; and rettograde Is a 
westward motion. 
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i.'Hiv. VI. ef.ors. and angular motions; so mucli so, thai U Was impoasiMe 

lers of ihe io reconcile aj^forances ivtth the idea of a sladonmy poini of 

ii!nnou ar6 ohsi^iiialion ; unless the appearances were taken for reaiitiea, 

and that was against all true notions of philosopLy. 

The planet .i/i-s is most remarkable for its variations ; and 
tl!0 great distinction between tbis planet and Venus, is, that 
it does not always accompany the sun; but it sometimes, yea, 
at regular periods, is in the opposite part of tho beavena from 
the sun — called Opposition — at which time it rises about 
sunset, and eomes to the meridian about midnight. 
Tiie esrih The greatest apparent diameter of Mars takes phice when 
"" f ^jj""^ the planet is in opposition to the sun, and it is then IT'.l; and 
tion. its least apparent diameter takes place wben in the neighbor- 

hood of the sun, and it is then but about 4"j shotvm/ that (he 
sun, and not ike earth, is Oie center of its motion. 
systematic Tbc genera] motion of all the planets, in respect to the 
ir«giiiaiities gtj^j-g^ [g (Hrect; that is, eastward; but all the planets that 
attain opposition to the sun, while in opposition, and for some 
time before and after opposition, have a retrograde motion — ' 
and those planets which show the greatest change in appa- 
rent diameter, show also the greatest amount of retrograde 
motion — and all the observed irregularities are systematic in 
their irregularities, showing that they are governed, at least, 
by constant and invariable laws. If the earth is really sta- 
tionary, we cannot account for this retrograde motion of the 
planets, unless that motion is real; and if real, why, and 
how can it change from direct to stationary, and from station- 
ary to retrograde, and the reverse? 
Eetroi-TBrie Btit if we coweive the earth in motion, and gomg the sume 
motion ofihe ^^^y ^^ ^g planet, and mmAng more rapaMy ihan Oie platiei, 
ooan(.e3 for. Ihen ths plane! mli appear to run back ; iliai is, retrograde. 

And as this retrogradation takes place with every planet, 
when the earth and planet are both on the same side of the 
sun, and the planet in opposition to tho sun ; and as these eir- 
cumatanees take place in all positions from the sun. it is a auf- 
fieieat explanation of these appearances ; and conversely, then, 
these appearances show the motion of tho earth. 

(94.) When a planet appears stationary, it must be really 
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SO, or lie moving direotly to or from the observer. And if it Chif vi. 
be moving to or from the ohserver, that circiimstanoe will he Pianeis my. 
indicated hy the change in apparent diameter; and ohserva- '""""""j. 
tions confirm thia, and show that no planet ia really station- 
ary, althoTigli it may appear to ho so. 

(95 .) If we suppose the earth to he bat one of a family of is,e earth a 
bodies, called planets — all circulating round the sun at dif- '"''"*'■ 
ferent times — ia the order of Mercury, Venus, Earth, Mars 
(omitting the small telescopic planets), Jupiter, Saturn, Her- 
aehel, or Ur<mm, we eau theu give a rational and simple ac- 
oount for every appearance observed, and without diseassing 
the aucient objections to the true theory of the solar system, 
we shall adopt it at once, and thereby save time and labor, 
and introduce the reader into simplidty and truth. 

(96.) The true soJar system, aa now tnown and aeknow- copemicBi 
ledged, is called the Oopemioau system, irom its discoverer, "^j^'^f "' 
Oopernious, a native of Prussia, who lived some time in the tem. 
fifteenth century. 

But this theory, simple and rational as it now appears, and Lost mi le- 
capable of solving every difficulty, was not immediately adop- "* ' 
ted ; for men had always regarded the earth as the chief 
objectinGod' e f i dooiiseq^ucutlyman,thelordof crea 
tion, a most mp t t h B t when the earth was hurled 

irom its im g y d mfi 1 p t n, to a more humble 
place, it wa f d th t th d gi ty and vain pride of man 
must fall with t nd p b hi that this was the root 

<if tho oppo ti t th th y 

■So violent w tl pj t t this theory, and so odious naiikmu* 
would any oh b wh h 1 d red to adopt it, that it ^'' ^'^'og"" 
appears to h b b d d f more than one hundred 

years, and w 1 hy <_ al 1 h ut the year 1620, who, 

to avoid per t p t d h vi ws under the garb of a 
diaiogae betw thr fi 1 1 us p ons, and the points left 
undecided. 

But the t f fl 1 1 w t sufficient, or his dia- 

logue was too g f t w k jp the sacred guardians 

cf truth, and ho was forced to sign a paper denouncing the 
theory as heresy, on the pain of perpetual imprisonment. 
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Caxi: VI. But ttis 13 a digression. With tlie historj of asfronoffij, SS 
interesting as it may be, we design to have litlie to do, andl 
to proceed only with the science itself. 



OHAPTEE VII. 

flKST APPJBOXIMATIONS TO THE IffitATITE BI3TAS0B3 OP THH 
PLAJrarS EKOM THE SUN. HOW TBEBBSDLTS ABE OBTAINED. 

(97.) Being convinced of tlie truth of the Copemioaa 
system, the next step soovns to be, to find the periodical timea 
of the revolutions of the planets, and at least tieir relative 
^stanoea from the sun. 
DisiinoUon Mercury and Vmu», never oomiug in opposition to the sun, 
bttwBon in- ijut revolving around that body in orbits that are within tLa* 
pe'iToi^'pTB^' of *''^ earth, are called ivfet'WT planets. 
«ia. Those that come in opposition, and thereby show that 

their orbits are outside of the earth, are called superior 
planets. 

We shall ahow how to investigate- amd deterroine the posi^ 
tion of one inferior planet ; and the same principles will be 
sufficient to determine the position of any inferior planet. 

It will be sufSoJent, also, to investigate and determine the 
orbit of one superior planet; and if that is understood, it may 
be considered as substantially determining the orbits of ali 
the superior planets; and after that, it will be sufficient to 
state results. 

For nmterials to opei-ate with, we give the following tablff 
of the planetary irregularities ( so called ) drawn from obser-' 
vation : 
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Mean Duration of 
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Mean Dutation of Ihe Synodic 
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f day. 
























73 " 




780 " 




121 " 




399 " 




ia9 " 




378 " 


Utbhus. 


151 " 




370 " 



105 

Chap, VH. 



la the preceding table, the word meuti. is used at the head 
of aeveraJ column^, because these elements are variable — " 
Bometimes more and sometimes less, than the nmnbers here m 
givea — which indicates that the plaaets do not revolve in cir- 
cles round the sim^ hut most probaWy in ellipses, lite the orbit 
of the earth. 

On the supposition, however, that the planets revolve in 
circles (whioh is not far from the truth), the greatest and 
least apparent diameters furnish vs 'With sufficient data to 
compute tho distances of the planets from the sun ia rdaHon 
to the distance of the earthy taken as unity. 

(98.) In addition -to the feets presented in the iJteeeding ti 
table, we must not fail to note the important element of the '"' 
elonffations of Metcury and VtKua. This term can be applied „, 
to no other planets. 

It is very variable in tegard to Mercury' — showing that ti 
the orbit of that planet is quite eHiptica!. The variation, is "" 
much less in regard to Vewaa, showing that Venus moves sh 
tound the sun more nearly in a circle. 

The least extreme elongation of Mercury is 

The greatest " " " is 

The mean (or the greatest elongation when 
both the earth and planet are at their 
mean distances from the Sun ) is - - 

^he least estl-etne elongation of Venus is 

5he greatest " '" " is ■ 

The mean (or at mean distances), is - 46" SO-V 

The least extremes must happen tthen the planet is in its 
perigee and the earth in its apogee, and the greatest when 
the earth is in perigee and the planet in apogee; but it is 



17° 3T'. 



22^ 46'. 
44° 58'. 
47° 30'. 
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. very seldom that tliese two circumstanees take place at the 

" Keljing on tliese facta as established by obaervations, wc 
can easily deduce the relative orbits of Mercury and Venus. 
Let S (Eig. 23) re- 
present tbe sun, i? the 
I eartli, V Venus. 

Conceive the planet 
I to pass round the sun 
L the direction of A 
I Y£. 

The earth moves also 
n the same direction, 
I but not so rapidly as 
I Venus. 

Now it is clearly evi- 
I dent, from inspection, 
I that when the planet is 
assing by the earth, as 
t £, it -win appear to 
ass along in the hea- 
ens in the direction of 
m to w. But wlieii the planet is passing along in its orbit, at 
A, and the earth about the position of U the planet will 
appear to pass in the direction of re to m When the planet 
is at V as represented m the figure jta absolute motion is 
nearly toward the earth and of course its ippearam-e la 
nearly stationary 
■" It is abiduiely slaMormry only at one point and even then 
a. but for a moment , and that point lb where its ippaicnt mo 
tion ohangea from diiect to retrogiadc and fiom jctiogiado 
to direct , which takes place when the angle SE V is about 
29 degrees on eat-b side c^ the hne '^E 

When the hne B \ touches the circumference A VB the 
angle S E T, or tatgle of etoriQation is then greatest, and the 
triangle SE V\& right angled at V; and if SE is made ra- 
dius, 5 F will be the ane of the angle SE V. 

But the line SE is assumed equal to unity, and then S V 
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Tvill be tlie natural riiie of 46° 20', and can he taken out of ^^ 
any table of natural sines ; or it can be oomputed bj logs- ~" 
rithms, and tbe result is .72336. 

For the planet Mercury, tlie mean of the same angle is 
22° 46'; aud the natural sine of that angle, or the mean radius 
of the planet's orbit, is .38698. 

Thus we haTO found tie relative mean diataueeB of three 
planets from the sun, to stand as follows : 

Mercury, --..... 0.38698 

Venus, 0.72336 

Earth, -.-... 1 00000 

( 99. ) If the orbits were perfect circles, then the angle ^ 
SEV, of greatest elongation, would always be the same; ^^^ 
hat it is an observed fact that it is not always the samej "ot 
therefore the orbits are not circles; and when S V is least, 
and S-S' greatest, then the angle of elongation is leasl; and 
eonversely, when S V in greatest and SE least, then the 
angle of elongation is the greatest possible; and by observing 
in what parts of the heavens the greatest and least elongations 
take place, we can approximate to the positions of the longer 
axis of the orbits. 

(100.) By means of the apparent diameters, we can aJso < 
find the approximate relations of their orbits. For instance, ^^ 
when the planet Venus is at £, and appears on the sun's lent 
disc, its apparent diameter is 69".6; and when it is at A, or "^^ 
as near A as oan be seen by a tekacope, its apparent diame- 
ter is 9",6. Now put 

SB=ii:; then ^5=1— ^, and AE^l-{~x. 

By Art. 66, 1— « : 1+* : : 96 : 596; 

Hence, ^ - - - a;=0.7225i. 

By a like computation, the mean distance of Mercury from 
the sun is 0.3864. 

(101.) To determine the mean relative distances of the 
superior planets from the sun, we proceed as follows ; 

Let S (Fig. 24) represent the snn, ^ the earth, and M one 
of the superior planets, say Mars. It is easy to decide, from 
observation, when the planet is in opposition to the aun. 
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This gives the position 
of S, U, afid M, in one 
right line, in respect 
to longitude. Now by 
knowing the true angu- 
lar motion of the earth 
ahout the sun (73), and 
the mean angular mo- 
tion of the planet, *' we 
can determine the angle 
mSe, corresponding to 
any defiwie future fyne ; 
for, by the motion of the 
earth round the sun, 'wc 
can determine the angle 
MSe; and by the mo- 
tion of the planet in the 
M&in; and the dif- 



'« By means of apparent diameters, we can determine the 
^ values of the orbit. When the planet is in opposition to the 
la. SUE, at ^ (Fig. 24), measure its apparent diameter; and, 
'"^ after a definite time, when the earth Js at e, measure the ap- 
iis parent diameter again, and observe the angle S em. Pro- 
's- duee Se to n. Then, by the apparent diameters, wc have 
the proportion of em, and en (en is the same a^eMM, brought 
to this position); and in the triangle em w wo have the pro- 
portion between the two sides and tie included angle men. 
These are sufficient data to determine the angles enm and 
emn; and their difference is the angle Sme. Now we can 
determine the side iS hi, of the triangle iSm e, and the triangle 
Sem is completely known. Subtract the angle e Sm from 
the whole angle e SM, and the angle M Sw, is left. That 
is, while the earth is describing the angle S Se, the planet 
describes the angle MSm. Put F for the periodical revo- 

* Hare we anticipate a lillle ; for we have not shown how lo detei- 
iniiie the periodical time nf revolaSion from observation: hut Diie U 
shown in a futnle chapter, and in tiie above text note 
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ference of these two angles is tie angle m S e. By direct cmp. vii. 
obsorrotioa at e, we determine the angle Sem; and two 
angles, and the side Sc, of the triangle Sme, are Buffieient to 
determine the side Sm, the value sought. The triangle 
gives the following proportion : 

sin, Swie' 
This is a general solution, for any superior planet ; but the why iim 
result is only approximate ; for, until we know the eecentri- ■^^"'^ " °P' 
<aty of the orbit in question, and the part of the orbit in 
which the planet then is, we cannot accnratdy know the 
angle MSm. 

lution of the planet; then, on the supposition of uniform 
motion, we have 

Mc MSm : are USe : : 365i : P 

111 this proportion the two arcs are known, and from thence 
7* becomes known; ani(lius,i>!e percdve, that hy the varioMons 
of the a^^ifcrent diamMer of a planet, we com, delermine itt rela- 
tive distance Jram, the awt, and its periodical rmKAu&m. 

We give the following hypothetical esajaplo, for the pur- 
pose of further illustratioH. 

The apparent diameter of Mairs, when in opposHion to the mn, a iiiobiem 
was observed to he 17".l. One hxendred and eleven days after- 
ward, when the earth had passed over 110° of its orbU, the appa- 
r(M diameter of Mars wo* affain dbsersed, aatd found to he 1"A, 
<aid its ar^idar posJMm, tn loifgiiade, was 87° from the sun. 
Fr<m. theie data, it is required to. find the reloiive a^pwmmaie 
diatanee of the planet from the sun, and the approxinuiie time of 
its reuolution rowid the s«w. 

From these data we have the angle MSn=llQ°, Se »w= i« soiu 
«7° ; therefore n e m=93°. ^'°''- " ^'^ 

By the observed apparent diameter, wc have .EM to em, 
as 7".4 to 17".l; but EM=en, therefore 

« : m :: 74 : 171. 
In the triangle nem. we can take era'=74, and .E»i^l71, 
for the purpose merely of finding the angles. Then, by trigo- 
nometry, we have 
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( 102.) By a perusal of the laat text note, it will tie Seen, 
a by those even who are not espert mathematieiana, that it is 
'' not difficult to decide upon the relative distaaces of the 
8- pianeta from the sun, by observing their changes in apparent 

diameter, aa seen from the eaith. Such observations have 

been often made, and the following table ebows the results; 

which are compared with the results deduced from Kepler's 

Third Law.* 





Deduced fmmap™. 






■ 










0.386400 


0.387098 


— .0O0G98 




0.722540 


0.723331 


^.000791 


Earth 


1.000000 


l.OOOOOO 




Mara 


1.533333 




4->O09641 


Japiler 


5.180777 


5.20277(5 


—.021999 




9.579000 




+.040214 
^4-317610 


Uranns 


19.500000 


J9.182390 



1, 171+74 ; ni— 74 :: tan. ?^ : tar 
tween the angle » and nme. 

That is, - 245 : 97 : : tan. 43° 30' : tan | Sme, 

Whence, iSW:=41° 11'. Now in the triangle iSme, 
sin. 41° 11' : 1 : : sin. 87^ : Sm^lMT. 

Sooondly, as the angle Sme^^il^ 11' and Sent 87'^, there- 
fore, - - mSe=Bl° 49', and MSm 58° 11'. 

Bat the times of revolution, between anj two planets, must 
be inveraeiy as the angles they deserihe in the same time ; 
the r/realer the angle, the shorter the periodic time; and 
therefore if we put F to represent the periodical revolution 
of Mars, we shall have 

58y\ : 110 : : SG5J : F. Hence /'=69U| days. 
The true time is 686.97964; showing an error of a little 
more than three days ; but this is not a great error, oonsider- 
ing the remoteness, of tbe data, and the want of minuteness and 
nnity in the supposed oh&ereatkms. Our object is only to 
teach principles ; not, as yet, to establish minute results. 

• A principle to be expiained in Phyeical Aatmnomy. 
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The distanuBs drawn from Kepler's law, are considered t 
more accurate than conclusions drawn from most other con- 
siderations; and it is rather remarkable that these deduc- « 
tions from the apparent diameters agree as well as they do, ^^ 
owing to the difficulty of settling the exact apparent diam- a- 
eter, by observation. Take the apparent diameter of Ura- "' 
nus, for example, 3" .7 and 4",1, and change either of them 
j\ of a, second, and it will make a great difference in the 
deduced result. 



CHAPTEK -VIII. 



(103) The 1 
p pi f fa d 



It pi th 

f th pi ! 

th w t th 



1 t by pi b rv t B th rth t th 

pi t 1 II 1 t rf rr d w th t 

thb t h mdmtb b|tdtmtlmt 

1 t 1 1 t It d tl w p 

sible problem to the ancients, as long as they contended for a 
stationary earth. 

If the observer oould view the planets from the center of i 
the sun, he would see ttiem in their true places among the f 
stars — and there are only two positions in which an observer 
on the earth will see a planet in the same place as though he 
viewed it from the center of the sun, and these positions are 
crmjuncAon and opposition. 

Thus, in rig, 24, when the earth is at E, and a planet at 
M, the planet is in opposition to the sun ; and it is seen pro- 
jected among the stars at the same point, whether Tiewed 
from S or from E. 

In Fig, 23, if the planet is at B, or A, it is said to be in ^J 
conjunction with the sun; but a conjunction cannot he oh- se 
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I'.viii. served on account of the hrilliancy of the sun, unless it bo the 
two planets. Mercury and Venus, and then only when they 
pass directly before the face of the sun, and aie projected on 
its surface as a Hack spot. Suck conjundion.'! are called Iratisiis. 
( 104.) All the planets move around the sun in the same 
oiaBon direction, and not far from the same plane, and the rudest 
'"^** and moat careless observations show that those planets near- 
if snpe- est the ami, perform their revoliitiona in shorter periods than 
piaocts tiioge more remote. From this, we decide at once that the 
IT. mean angular motion of all the superior planets is less than 
the mean angular motion of the earth in its orbit; and the 
mean angular motion of the inferior planets, as seen from 
the suu, is greater than the mean motion of the earth, 
(_ 105.) The time that any planet comos in opposition to 
mas of the sun, can be very distinctly determined by observation. 
iiUQTi jjg lon^tude is then 180 degrees from the longitude of the 
i sun, and comes to the meridian nearly or exactly at midnight. 
If it is a little short of opposition at the time of one ohsev- 
vation, and a little past at another, the observer can propor- 
tion to the exact time of opposition, and such time can he 
definitely recorded — and by such observation, we have the 



true position of t 
Fig. as. 



Another 




our year. But all the planets i 



from the su 
opposition of the same kind and 
of the same planet, can be ob- 
served and recorded. 

The elapsed time between two 
sueh oppositions is called the sy- 
nodieal revolution of the planet. 
We note the time that a 
planet is in opposition to the 
sun. Then 5', £; and J/" are in 
one plane as represented in Fig. 
25. tf the planet M should 
remain it rest whilo the earth 
.£ made ts revol t on the 
the sy d cal revolut o wo ild 
te the stme as the length ot 
tl e me d re t on as 
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PLANETARY MOTION. 

the earth; and therefore the earth, after making a revoln- c 
tion, must pass onward and employ additional time to over- 
take the planet ; and the more rapidly the planet moves, the 
longer time it will require. Henoe, in case two planets ha^e 
hut a small difference in angular motion, their synodicaJ pe- g. 
riod must be proportionately long. The planet Jupiter "< 
moves about 31° in its orbit in a year; and therefore, after 
one opposition, the earth is round to the same point in 365i 
days, and to gain the 31° requues about 32 days more ; hence 
the synodical revolution of Jupiter must be about 397 days, 
by this ven/ rough and imperfect computation. By inspeet- 
JDg the table on page 105, we perceive that the mean synodi- 
cal revolution of Jupiter ia 399 days, and this observed fact 
shows u3 that Jupiter passes over about 31° in a year, and of 
course its revolution must be a little less than 12 years; and 
by the same considerations, we can form a rough estimate of 
the periodi 1 It f U th pi t 

( 106.) Th I, 1 I pi b g d t 1 my 
new be m tifi Th m m t f th tl < 

in its orb t y t ly k wi 11 [ t t d ly 

motion by Th "ul t f th pi ( y auj 

rior plan t that myb d dt) kw 

therefore, represent its daily.motioa by x. Let the angle E 
SC represent a, and the angle M S m represent a; ; then the 
angle m SCoi ( a — x ) will represent the daily angular advance 
of the earth over the planet ; and as many times as the an- 
gle m SCiB contained in 360°, will be the number of days in 

a synodical revolution. Thorcforo, . = tho observed 

time of a ^nodical revolution ; and by taking the times from 
the table (page 105), we have the following equations : 



■ TheEe equations corrcapoud to the general equation (= 

JiobinEon's Algebra, page 105, University eJition, 
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Chip. vm. Tke value of a is 59' 8", and then a solution of tlieae sev- 
eral ecjuationa gives the mean angul^ motion, pev day, of the 
several planets, as follows : 

31' 27" 4'59".4 1' 59".5 45".3 

Times of Dividing the whole circle 360° by the mean daJly motion 
derived fiom "^ ^^^ planct, will giTO their respective times of revolution, 
Uie BBgniK and the following are the results : 

'^''"''"- M«,. Jupile,. S^lerr. U.a™=. 

687 days. 4331 days. 10840 days. 28610 days. 
( 106.) For the inferior planets. Mercury and Vmiis, we 
have the same principle, only making w greater than a, and 

For Meiemy. For Vent!. 

i?<L=U8; 1^=684. 

3!=4'^2'11"; 3^=1° 36' Y". 

Mean an- These diurnal angular motions correspond to 89 days for 
^ r ™t'™ the revolutioa of Mercury, and 224.8 days for the revolution 
pidneta, and of Venus. All these results are, of course, understood as 
their levoio- gj.g^ approximations, and accuracy here is not attempted, 
ihe sun. ^0 are only showing principles ; and it will be noticed, that 
the times here taken in these considerations, are only to the 
nearest days , and not fractions of a day, as would be necessary 
for accurate results. By this method aoonraey is never at- 
tempted, on account of the eccentricity of the orhits. No 
two synodical revolutions are exactly alike ; and therefore 
it is very diflicnlt to decide what the real mean values are. 

(107.) To obtain accuracy, in astronomy, observations 
must be carried through a long aeries of years. The follow- 
ing is an osample; and it will explain how accuracy can be 
attained in relation to any other planet. 

On the 7th of November, 1631, M. Cassini observed Mer- 
cury passing over Ijhe snn ; and from his observations then 
taken, deduced the time of conjunction to be at 7 h. 50 m., mean 
time, at Paris, and the true lon^tude of Mercury 44° 41' 35". 
obiBtvi. Comparing this occultation with that which took place in 
lions earned 1^23, the true time of conjunction was November 9th, at 5 h. 
ions coutM 29m., p. M., and Mercury's loEgitnde was 46° 47' 20". 
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The elapsed time was 92 years, 2 days, 9 b. 39 m. Twenty- chip, v 
two of these years were bissextile ; therefore the elapsed time af^eZi 
was (92x365) days, plTis24d.9h. 39 m. """^ ^' 

In this interval, Mercury made 382 revolutions, and 2° 5' 
45" over. That is, in 33604.402 days, Mercury described 
137522.095826 degrees; and therefore, by division, we find 
that in one day it would describe 4'^.0923, at a mean rate. 

Thus, knowing the mean daily rate to great accuracy, the 
mean revolution, in time, must be expressed by the fraction 

-^^■, or, 87.9701 days, or 87 daya 23 L 15 m. 57 s. 

( 108. ) The following is another method of observing the -Ano 
periodical tim s f th pla t to which We coll the student's obseivim 

fecial ail pevigdion 

The orb t f aJl th pi n t a e a little inclined to the "'""'"" 
plane of tl 1 pt 

The pi f 11 th pi ta y orbits pass through the 

center of th th pi f tl eeUptic is one of (hem, 

and theref th pi f th 1 ptic and the plane of any 
other plan t m t t t 1 ther by some line passing 
thtougb th t ftb The irdersectim of two planes 

is always a straight Itne. (See Geometry.) 

The reader must also recogniae and acknowledge the fol- 
lowing principle t 

Thai a My cannot a^eo^ to he in the ^ane of on observer, 
unless it really is in that plane. 

For example: an observer is always in the plane of his 
meridian, and no body can appear to be in that plane unless 
jt really is in that plane; it cannot be projected in or out of 
that plane, by parallax or refraction. 

Hence, when any one of the planets appears to be in the 
plane of the ecliptic, it actually is in that plane ; and let the 
time be recorded when such a thmg takes place. 

The planet will immediately pass out of the plane, because whai 
the two planes do not coincide. Passing the plane of the ""'^'''■ 
ecliptic is called passing the nod^. Keep track of the planet 
until it comes into the same plane; that is, crosses the other 
mde : in this interval of time the planet has described just 
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,p. vni. 130°, as seen from, the sun (unless tte nodes themselves ftte 
joBorteiin motion, whicli in feet they are; but suet motion is not 
Aeg<tai sensible for oue or two revolutions of Venus or Mars), 
.as seen Continue obseryatious on the same planet, until it comes 
iho sun. into the ecliptic the second time after the first obseryation,- 
or to the same node again; and ihe time elapsed, is the time 0/ 
a revrdviioti t^ that planet rownd the mm. Erom such observa- 
tions the periodical time of Venus became well known to 
Astronomers, long before thoj had opportimitiea to decide it 
by comparing its transits access the Sun's disc; and bj thus 
knowing its periodical time and motion) they were enabled to 
calfliilate the times and circuin stances of the transits which 
happened in 1761, and in 1769 ; save those resulting from 
parallax alone, 
-, idBi of ( 109.) On comparing the time that a planet remains on 
he pbn. ®**'^' sideof the ecliptic, we can form some idea of the position 
of its apogee and perigee. If it is observed to be on each side 
of the ecliptic the same length of time, then it m evident that 
the orbit of the planet is ciTcidtir, or that its longer axis coin.' 
cides with its nodes. If it isobserved to be a shorter time 
north of the plane of the ecliptic than south of it, then, it is 
evident that its perigee is north of the ecliptic; but nothing 
more definite can be drawn from this circumstance. 
irasDib. ( 110,) Finally. By the. combination of the different 
methods, explained in articles (98), (100), (101), (105), 
(107 ), and (108), and extending the observations through 
a long course of years, and from age to age, the times of rev- 
olution, the mean relative distances of the planets from the 
sun, were approximated to, step by step, until a great degree 
of exactness Was attained, and the following were the results! 





Sidereal Revolution. 


Mean dialallce from O 


Mercury, - 


- - 87,969258 


0.38T098 


Venus, - 


- - 224.700787 


0.723332 


Earth, - 


- - 365.256383 


1.000000 


Mars, - 


- - 686.979646 


1.523692 


Jupiter, '■ 


- 4332.684821 


5.202776 


Saturn, ■ - 


- 10759.219817 


9.538786 


tJranus, ^ 


>. 30686.820830 


19.182391) 
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(111.) By inspecting tiie preceding table, we find that tbe Chi 
greater tlie distance from the sun, the greater tlie time of Time 
revolution; but the raHo for the time ie greater than the ratio ^j"'" 
corresponding to distance ; yet wo cannot doabt that some cgmf 
oomiectioii esiats between tliese ralic^. 

For instance, let ua compare the ^arlh with Jupker, The 
ratio between their times of revolution, is near Vi. 

The ratio between their relative distances from the sun, as 
We perceive, is nearly 5.2, 

The square of 12 is 144 ; the cube of 5.2 is near 141* 
But 12 ig a little greater than the real ratio between the 
times of revolution^ and 5.2 is not quite large enough for the 
ratio of distance; and by taking the corrcat ratios, they seem 
to bear tbe relatJon of square to oJie. 

Without a very rigid or close examination, we perceive 
'that five revolutions of Jupiter are nearly equal to two revolu- 
tions of Saturn that is ^ is nearly the ratio between their 
times of revolution 

By inspecting the tolumn of distances WQ perceive thaS 
the ratio of the distdi ce" of thtsi, two j laneta is nearly §f ; 
and if wo b j^uare the fli at rat o ind e ibe the Beyond we shall 
iiavo nearly the same ratio. 

Now let us compare two other planeta, aay Venus and Eesn 



Their ratio of retolution is 686.979 log^ ' 


. 2.836948 


224.701 log- ■ 


. 2.351601 


Iiogj of the ratio, . . - 


0.485347 


Multiply by . , - - 


2 


Log. of the aquwe of the ratio of titoe. 


0.970694 


Their ratio of distance is, 15,23692 log. - 


■ 1.182883 


7.23332 log. 


- 859823 



Log. of the ratio, * ^ - 0.323560 

Multiply by . ^ . - - 3 

Log. of the cube of the ratio of distance, 0.970680 
Thus we perceive that the squares of the times of revolu." 
tion, are to each other as the cubes of the mean distances of 
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Jb*p, vm. tte planets from the sun,* and tMs is called J&^er's third 
Kopiet's law ; and it was by such numerieal comparisons that Kepler 
™'' diseovered the law.f 

We may now recapitulate the three laws of the solar sys- 
tem, called Kepler's laws, as they were diacovered by that 
phUosopheri. 

1st. Tlw wKii of the planets are ellipses, of wliiek ffie sun 
occupies one of the fod. 

2d. The radius iwdor in each ease describes areas about tlie 
foeits, which are propertionoi to Ihe times. 

Zd. The squares of the times of revolution are to each other 
as the cabes of the mean distances from the sun. 

* For a concise mathematical view of this subject, wo give 
the foUowiag; Let d and i> represent mean distances from 
the sun, and t and T the times of revolution. Then 

T D 

— = n, -j~ ™> n and m taken to represent the ratios. 

Square the 1st equation and cube the 2d. Then 
^_ 
d^ ~ 
But by inspection we know that 

w==m'; therefore, --= ^~, or, i^ : T^ -.-.d^ : D'. 



f It appears that Kepler did nol compare ratios, ae we have done ( 
but toolt the more ponderous melhod of comparing the elements of the 
ratios (the nnmbera themaelTea ) - for aaya the historian; — It was on 
theSlhofMarch, 1618, that t first am ( Kepler's mind to com- 
pare the powers of the numfce wh h p bs their revolutions and 
dislaneea; and hy chance he p ed th q ea of Ihs timas with 
Iho cubes of the distances f b t f m g ' and impa- 

tience, he made such errors 1 p 1 h ed the hy- 

polheais as felao and useless b t g hn very other 

relation in vain, he returned t th hyp heB d n the 15th 

of May, of ihs sama year, he nwdh al ti wh complelo 
succem, aud established this 1 w whi h has ndeied his narae ini- 
morta) 
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SOLAR PARALLAX. 



CHAPTER IX. 

TKHNSITS OF VBNBB AND MEECUKY. — HOW SUN'S HORIZONTAL 



( 112. ) We ha^e thus far teen very patient in our inves- cntr. ix. 
ligations — groping along — finding the form of the planetary AitemiitB to 
orhits, and their relative magnitudes; but, as yet, we know fiiidOieiun'a 
netting of the distance to the sun; save the indefinite fa«t, p"'^""'' 
tbat it must he very great, and its magnitude great; but 
how great we can never know, without the sun's parallax. 
Henco, to obtain this element, has always been an interesting 
problem to astronomers. 

The ancient astronomers had no instruments sufficiently" jjiffjcniuei 
refined to determine this parallax by direct observation, in the of ancieni 
manner of finding that of the mooa (Art. 60), and hence the s"'"""""^"- 
ingenuity of men wa? called into exercise to find some artifice 
to obtain the desired result. 

After Kepler's laws were established, and the rolativo dis- 
tances of the planets made known, it was apparent that their 
real distance could be dednoed, provided the distance between 
the earth and any planet could be made known. 

(113.) The relative distances of the earth and Mars, from parB,|jii, (j 
the sun (as determined by Kepler's law) are as 1 to 1.5237 ; Mats. 
and hence it follows that Mars, in its oppositions to the sun, 
is but about one half as far irom the earth as the sun is; and 
therefore its parallax (Art. 60) must be about double that 
of the sun; and several partially successful attempts were 
made to obtain it by observation. 

On the 15th of August, 1719, Mara being very near its Maisia 
opposition to the sun, and very near a star of the 5th mag- ° ^"'mg,"" 
iiitude, its parallax became sensible ; and Mr. Maraldi, an tion to a.t 
Italian astronomer, pronounced it to be 27". The relative ^""" "^ 
distance of Mai^, at that time, was 1.37, as determined from 
its position and the eccentricity of its orbit. 

But horizontal parallax is the angle under which the earth 
appears; and, at a greater distance, it will appear under a 
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Chip. IX. less augle. Tlio distance of Mara from the earfi, at tkai 
time, was .37, and the distance of the sun was 1; therefore, 
1 : .37 :: 27" : 9".90, or 10", nearly, for the sun's horizon- 
tal parallax. 
o)..D[va- On the 6th of October. 1751, Mars was attentitelj ob' 
MoMn^ and ^'^''^^^ ^ly Wargcntiii and LacaiUe (it heing near its opposi- 
Lioaiiia. tion to the sun), and thej fonnd its parallax to be 24" .6. 
from wMeh they dedneed the mean parallax of the sun, 10",7- 
But at that time, if not at present, the parallax of Mars 
could not be observed direcdy, with snfficient accuracy to 
satisfy astronomers ; for no observer could rely oa an angu-^ 
lar raeasufe within 2" ; for full that space was eclipsed by 
the mierometer wire. 
Dr. Hal- (114.) Not being satisfied with these results. Dr. HaJley, 
ley's suggea. ^^ English astfonomer, very happily conceived the idea of 
finding the snn's; parallax by the comparisons of observa- 
tions made from different parts of the earth, on a transit of 
I^as over the aun's disc. If the plane of the orbit of Venus 
coincided with the orbit of the earth, then Venus wonid come 
between the earth and sun, at every inferior conjunction, at 
intervals of 584.04 days. But the orbit of Ventis is inclined 
to the orbit of the earth by an angle of S" 23' 28"; and, in 
the year 1800, the pianet crossed the eolipfic from south to 
north, in lon^tude 74'* 54' 12", andl from north to south, in 
longitude 254'' 54' 12": the first mentioned point is called 
Ths noJ«! the ascending node ; the last, the Ascending node. The nodea 
ef Venus, retrograde 31' 10" in a century. 

Whu umei ( 115.) The mean synodical revolution of 584 daya corre- 

hi the year gp^jj^g ^((j j,o all'quot part of a year; and therefore, in the 

iskepiace. couTHe of time, these conjunctions will happen at Cerent 

points along the ecliptic. Thesunis in that part of the ecliptic 

near the nodes ofiTenna, June 5th and December 6th or 7th; 

and the two tast transita happened in 1761 and' in 1769 ; and 

liMmi these perioda we date our knowledge of the solar pafallax. 

Rdvoiu- ( 116.) The periodica! revolntion of the earth is 365.256383 

liow am- ^y^, ^n^ thatof Venus is 224,700787; aiid as numbers they 

are nearly in proportion of 13 to 8. 

From this it follows, that eight revolutions of the cartb 
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te^uive neaily the same time aa 13 revolutions of Venus; chap.is 
and, of course, whonever a conjimction takes place, eight 
years afterward another conjunction will talie place very near 
the same point in tho ecliptic* 

* The ratio of the times of these revolutions is directly Cnmpai 

A ■. .PA..' *!. 224,700T8T , .^ . TyZZ 
Compared, as termS of a fraction, thus, ^r^rn^T^KoTi ana it is"'''™'^ 

ODO.iSOOOOl toe earli, 

manifest that 366.256383 days, multiplied by the number 
224700787, Will give the same product aa 1224.700787 days 
multiplied by the number 365266383 ; that is, after an elapse 
af 224700787 years, the conjunction wiU tate place at the 
same point in the heavens; and all intermediate eonjunotiona 
will be but approximations to tho same point : and to obtain 
these approsimate intervals, we reduce the above fraction to 
its approximating fractions, by the principle of cootinued 

fractions. ( Sse aobinson's Arithiqelie. ) 

The approximating fractions are 

1 1 2 3 £ 235 
r 2' 3' 6' 13' 382' 

To say nothing of the first two terms, these fractions show 
that two revolntiona of the earth are near, in length of time, 
to three revolutions of Venus ; three revolutjona of the earth 
a nearer value to five revolutions of Venus ; and eight revo- 
lutions of the earth a still nearer value to 13 revolutions of 
Venus; and 235 revolutions of the earth a very near value 
to 382 revolutions of Venus. 

The period of eight years, under favorable circumstances, 
will bring a second transit at the same node : but if not in 
eight years, it will be 235 years, or 235-}-8=243 years. 

For a transit at the other node, we must take a period of 
235 — 8 years, divided by 2, or 113 years; and sometimes 
the period will be eight yeara less than this, or 105 years. 
The first transit known to have been observed was in 1639, 
December 4th ; to this add 236 years, and we have the time 
of the next transit, at the same node, 1S74, December 8tb; 
and eight years after that will be anotberj 1882, December 
Cth The first transit observed at the i^eending nodes Was 
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ch \ If the proport n la] bee es etlj as 13 to 8 tl on the 
p oonj n t ons wuuld always take 2 lace exa tly at the same 

■" 2 omt hilt IS t a he j nta ot o junct on the heavens 

m ui are ast aad west of a given pomt tnd ippros m te nearer 
*" ad earer to tl it po nt as the perola aie greater a d 

gr ater 
o To he more pract cal h wevc the ntervah 1 etween on 

?^ " lunct na 1 e 3 h conl u el w th a sluff t mot on o/ the noUe 

na 8 tl at the geooentr lat f le of Ven s, at nte lor co j n t ns 

jeai!. „g3|. jijg ascending node, changes about 19 30 to the north, 

ill the period of about eight years. At the descending node, 

it clianges about the same quantity to tho southward, in the 

same period ; and as the disc of tho sun is but little over 32', 

it is impossible that a third transit should happen 16 years 

after the first ; henee only two transits can happen, at tho 

same node, separated by the short interval of eight years. 

Pe/iodEhe- (117.) If at any transit we suppose Venus to pass directly 

tianaits of "^^^ *^^ center of the sun, as seen from the center of the 

Venus. earth — that is, pass conjunction and node at the same time — 

at the end of another period of about eight years, Venus 

would be 19' 30" north or south of the sun's center; but aa 

the semidiameter of the sun is but about 16', no transit could 

happen in such a ease; and there would be but one transit 

at that node until after the expiration of a long period of 235 

or 243 years. 

After passing tho period of eight years, we taie a lapse of 

105 or 113 years, or thereabouts, to looi for a transit at the 

other node. 

Tiansii! ^118. ) Knowing the relative distances of Venus, and the 

poled. earth, from the sun — the positions and eccentricities of both 

Dr. Haiiej orbits — also their angular motions and periodical revolutions — ■ 

10 ^d 1™ ^^"U circumstance attending a transit, as seen from the 

nil's parai. earth's center, can be oaleulated; and Dr. HaUey, in 1677, 

'"' read a paper before the London Astronomical Society, in 

Tan Date in 1761^ jnne st^i . gjgiit years after, 1769, June 3d, there 
was another ; and the next that will occur, at that node, will 
be in 2004, June 7th, 235 years after 1769. 
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which be explained the manner of deducing the paraUas of Chip, 
the sun, from ohserTationa taken or. a transit of Venus or 
Mereurj across the san's disc, compared with computations 
made for the earth'a center, or hy comparing ohseryatiODS 
made on the earth at great distances from each other. 

The transits of VemiB are much hetter, for this purpose, wi 
than those of Mercury; as Venus is larger, and nearer the"™"" 
earth, and its parallax at such times much greater than that betters 
of Mercury; and so important did it appear, to the learned *^ " 
world, to have correct ohaervations on the last transit of ,aiiii 
Venus, in 1769, at remote stations, that the British, French, i^ioseo 
and Kussian governments were induced to send out expedi- ''^' 
tions to various parts of the globe, to observe it. "Tbo fa- 
mous expedition of Captain Cook, to Otaheite, was ono of 

(119.) The mean result of all the observations made on Thei 
that memorable occasion, gave the sun's parallax, on tho day 
of the transit (Sd of June), 8".5776. The horizontal paral- 
lax, at mean distance, maybe taken at 8". 6; which places 
the sun, at its mean distance, no less than 23984 times the 
lergth of the earth's semidlameter, or about 95 millions of 

This problem of the sun's horizontal parallax, as deduced ihe i 
from observations on a transit of Venus, we regard as the """^ ' 
most important, for a student to understand, of any in astro- 
nomy; for without it, the dimensions of the solar system, and 
the magnitudes of the heavenly bodies, must be taken wholly 
on trust; and we have often protested against mere facts 
being taken for knowledge. 

( 120.) We shall now attempt to eiplain this whole matter a g, 
on general principles, avoiding all the little minuti^ which •'p''"' 
render the subject intricate and tedious ; for our only object 
ia to give a clear idea of the nature and philosophy of the 
problem. 

Let S (Fig. 26) represent the sun, and tun and P Q small 
portions of the orbits of Venus and the earth. 

As these two bodies move the same way, and nearly in the 
same plane, we may suppose the earth stationary, and Venus 
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to move with an angular veJooity, 
equal to tie difference of the two. 

When the planet arriyea at i', an 
obseryer at A would eee the planet 
the sun, making a dent 



But an observer at & would not 
Bee the same thing until after the 
planet had passed over the small ai'e 
V q, with a velocity oijual to the dii'- 
erenoe hetween the angular motion 
of the two hodies; and as this will 
require quite an interval of absolute 
time, it can be detected; and it mea- 
sures the angle A v' 6; an angle 
under which a definite portion of the 
earth appears as seen from the sun, 

(121.) To have a more definite 
idea of the praotioahilitj of this me- 
thod, let us suppose tho paraHaetio 
angle, A v' G, equal to 10", and in- 
quire how long Venua would be in 
passing the retcUtve arc v 5. 

Venus, at its mean rate, passes - 1° 36' 8" in a day. 

The earth, " " 59' 8" " 

The relative, or esoess motion of Venus for a mean solar 
day is then 27', 

Now, as 37' is to 24h. so is 10" to a fourth term; or, as 
2220" ; 1440m. ;: 10" : 6 m. 29 b. 

Now if observation gave mo fh T mi t d "** 
ends, we shall conclude that th p 11 t gl w m 
than 10"; if less, less. But this httpptn 

When treating of an actual eas pi t tl m m t 
We must take tho aotua! angi ! m t f tl th d 

Venus at that time, and we mu t k w th t il p f 

the observers A and G in resp 1 1 1 th d th p 

sition of each iu relation to a h j m th t f h 
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earth and.tte center of the sun; and then by compaiing the c 
local time of observation made at A, with the time at ff, and 
referring both to one and the same meridian, weshall have the 
interval of time occupied hy the planet in passing from v to 
q, from which >we deduce the parallactic angle A v' G, and 
from thence the horizontal parallas. 

The same observations can be made when the planet passes ' 
off the su d <T t m y t t 1 mp d th 

A. as weU th t t T I th w y th m It f 

a groat m y t t w f d 17()1 d 1 6J d 
the mean f 1! t m t Jly diff f m th t th 

{ 122.) Th th m th d f d g th w! 1 

subject, wh h m p t m mpl 1 P f 1 1 

to the on J t pi d It f th b t y 

station to k f th tra k f th t t 11 tl w y th 

sun's dis dtak yp t t m th 1 gth 

of chord p fl d wh 1 b d by folly ting 

the times ft Idtal tt dthbgi 
uing and dftht t dthtt rval f Ily 
measuring th d t eo f th pi 1 1 th at t Ij, f 
the sun 1 y m m 

If the J all hi t d t th t tw h 

situated diff t h m ph Jl U h 

chord. F pi b th -th h m ph 

as in Sw d N way will ^ tra m 

southern h d th b th th h m j h 

Nowif lb g us th 1 gth f th h d h 

served by h m If a d hnowing the angular diameter of the 
son, we n mp te tl distance of each chord from the 
SQu's eenf a d f u se we then have the angular breadth 
of the zone on the su s disc between them. But as this 
zone is f rmed by st a ht lines pasang through the same 
point, the nt f V nu its ahgcAute breadth will depend on 
its distaneefrom the point v; that is, the two triangles j4.Bji 
and a 5 « ( Fig. 27) will he proportional, and we have 

Av : av:: AB : ah. 
But the first three of these terms ate known ; therefore the 
fourth, a b, is known also; and if any definite angular space 
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Fig. 27. on tho sun becomes known, the whole aem- 
"X idiameter becomos known, and from theaoe 
the horizontal parallax Is immediately dedu- 
ced.*' 

(123.) The aeeuracy of this niethod ahjuld be 
questioned when Venua passes near the sun « 
center, for the two ehoida are never mjre than 
30" asunder, and hence thej will not peit-ej ti- 
bly differ in length wlien passing near the sun " 
center, and Venus will be upon the sun nearly 
the same length of time t all ol^ervers 

(124.) The apparent diameter of Meri.ury 
and Venus can be very accurately measured 
when passing the sun s disc In 17bO the di 
ameter of Venua was obaervud to be 5*^ 

( 125.) The same general principles apply 
to the transits of Mercury and Venus ; but thofe 
of Mercury are not important, on account of the 
smaller parallax and smaller size of that planet ; 
but owing to tlie more rapid revolution of Mer- 
cury, its transits occur more frecLuently. The 
frequent appearance of this planet on the face 
of the sun, gives to astronomers fine opportu- 
nities to determine the poaition of its node and 
the inclination of its orbit. 
In 1779, M. Delamhre, from observations on the transit of 
May 7, placed the ascending node, as seen from the snn, in 
longitude 45° 57' 3". From the transit of the 8th of May, 
1845, aS observed at Cincinnati, it must have been in longi- 
tude 46° 31' 10"; this gives it a progressive motion of about 
1° 10' in a century. The inclination of tho .orbit ia 7° 0' 13". 
The periodical time of revolution ia 87.96925 days ; that of 
the earth ia 365.25638 days, and by making a fraction of 
tbeae numbers, and reducing as in the last test note, we find 



<■ Tli^t is, as the real diameter of the ann, ia to tho real diameter o! 
the earth, ao is the sun's sngular aemidiameter to ita horiioiitel par- 
allax. (See 66j. 
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that 6, 7, 13, 33, 46, 79, and 520 yeai-s, or revolutions of the <: 
earth fwarli/ correspond to complete revolutions of Mercnry. 
Henee we may look for a transit in 6, 7, 13, S3, 46, &c., 
jears, or at the expiration of any combination of these yeai« 
after any transit has been observed to take place ; and by 
examining the following table, the years will be found to fol- '' 
low each other by some combination of these mimberB. si 

The following is a list of aU the transits of Mercury that 
have occurred, or will occur, between the years 1800 and 
1900: 



A 


the ascending node. 


At the deaeend 


ng node. 


1802 


- - - Nov. 8. 


1799, - - - 


Mllj7. 


1822 


- - - Nov. 4. 


1832, - - 


-M.J 6. 


1835 


- - - Nov. 7. 


1846, - - - 


May 8. 


1848 


- - -Nov. 9. 


1878, - - 


- May 6. 


1861 


- - - Nov. 11. 


1891, - - - 


May 9. 


1868 


- - - Nov. 4. 






1881 


- - - Nov. 7. 






1894 


- - - Nov. 10. 








CHAPTER X. 





( 126,) IIatinq found the real distance to the sun, and the Cs 
sun's horizontal parallax, we have now sufficient data to find r, 
the real distance, diameter, and magnitude, of every planet "'"" 
in the solar system. now 

In Art. 60 we have explained, or rather defined, the hori- '»"> 
zontal parallax of any body to be the angle under which -the 
semidiameter of the earth appears, aa seen from that body; 
and if the earth were as large aa the body, the apparent diame- 
ter of the body, and its horizontal parallas, would have the 
same value. And, in genera!, the diameter of the earth is to 
the diameter of any other planetary body, as the horizontal 
parallax of that body is to its apparent semidiameter. 

The mean horizontal parallax of the sun, as determined in 
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Chap, X. tte last cLapter, is 8" .6; the eemidiameter of the sun, at the 
Baia aia. corresponding mean distance, is 16' 1", or 961". Now let d 
meui of iJie represent the real diameter of the earth, and D that of the 
","^^^^'^'' sun, thea we shall havo the following proportion: 
d : D :: 8".6 : 961".0. 
But d is 7912 miles ; and the ratio of the last two terms is 
111 C6; therefore i>=(111.66)(7912)=883454 miles. 
Real di (. 127.) The sun's horizontal paralJas is the angle at the 
lanoB be ))ngg of a right angled triangle; and the sido opposite to it 18 
eanilndBun ^'"^ Jidinis of the earth (which, for the sake of convenience, 
dBteimined we now call unity). Let x represent the radius of the earth's 
orbit, then, hy trigonometry, 

sin. 8".6 : 1 :: sim 90° : tc; 

Therefore, a!==^^^^=log. 10.00000— log. 5.620073.* 
sin.8".6 " 

That is, the log. of «=4.379927. or ^==23984; which is 

the distance between the earth and sun, when the semidia- 

meter of the earth is taken for the unit of measure ; but, for 

general reference, and to aid the memory, we may say the 

distance is 24000 times the earth's semidiameter. 

(128.) Now let us change the wiU &om the semidiameter 
of the earth to an Knglish mile; and then the distance be- 
tween the earth and sun is 
Dimn«in (3956)(23984)=94880706; 

ijBra_ and, in round numbers, we say 95 millions of miles. 

By Kepler's third law, we know the relative distances of 

* Students generally would be unable to fiiid the sine of 8".G, or the 
sine of any other very small arc j for the directions given in common 
works of trigonometry are too gross, and. Indeed, inaccurate, to meet 
the demands of astronomy. 

On the principle that the sines of small area vary as the arcs them- 
selves, we can Hnd the sine of any small arc as follows : 

Sine of 1', taken from the tables, is - - - - 6. 453736 
Divide by 60, that is, Bubtraet the log. of 60, - - 1. 7TS15 1 

The sine'of 1", therefore, is 4. 685575 

Multiply by the number 8.G ; that is, add log. - 0. 9344^6 
Thei.ineof8".6, therefore, roust be, - - - - 5. 6200T3 
In the same manner, find the sine of any other snraZi arc. 
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all the planets from the sun; and now, liaving found the real Ciur. x 
distance of the earth, wc may have the distance in miles, hy How 
multiplying the distance of the earth hj the ratio correspond- ^^^^^^'^^ ^' 
ing to any other planet. Thus, for the distance of Veaus, puret iro 
we multiply 948807IIG hy .72333; and the result is'^' "•- 
686299C0 miles, for the distance of Venns: and proceed, in 
the same manner, for the distance of any other planet. 

(129.) By observations tafcea on the transit of Venus, in ToflnJn 
1769, it was oonoluded that the horizontal parallax of that yg„uj 
planet was 30".4; and its semidiameter, at the same time, 
was 29".2. Hence (Art. 127), 304 ; 292 : : 7912 : to a 
fourth term; which gives 7599 miles for the diameter cf 
Venus. 

(130.) ffo camiot observe the horizontal parallax of Ju- Pwaiii 
piter, Saturn, or any other very remote planet: if known at cnnnotbeo 
all, it becomes known by computation; but the parallax can ssiveii. 
be known, when the real distance is known; and, by Kepler's 
third law, and the solar parallax, we do know all the planetary 
distances ; and can, of course, compute any particular hori- 
zontal parallax. 

Por the homontal parallax of Jupiter, when at a distance 
from thg earth equal to Its mean distance from the sun, we 
proceed as follows : 

The parallax, or the semidiameter of the earth, when seen 
at the distance of the sun. Is 8".6. When seen from a greater 
distance, the angle would ha proportionally less. 

Put k equal to the horizontal parallax of Jupiter ; then we 

h,ve, . 5.202778 : I . : 8".6 : *i » i=j^^^y^. 

From this, we perceive, tfiai i/ws divide ike svais honzovial Bow 
parallax fiy the toIiq of a planets distance Jrom tke sun, tJte "'""!'"'* '' 
quotietd will Se the homontal paT<dlax of the planet, when at a the pianei. 
distance from ike earth eqiioj, to iis mean distance from the sun. 

(131.) To find the diameter of a planet, in relation to the now i 
diameter of the earth, we have a similar proportion as in Art. ''"* *° "* 
125: and to find the diameter of Jupiter, we proceed as the pioneii 
follows : 

The greatest apparent diameter of Jupiter, as seen from 
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.. X. the earth, is 44".5 ; the least is 30". I ; therefore the mean, 
as seen from the sun, cannot be far from 37". 3, and the semi- 
diameter 18".65 ; La Piace Bajs it is 18".35 ; and this value 
we shaU use. Now, aa in Art. 126, let t?=7912, I)= the 

■unknown diameter of Jupiter; . naitrjn ' a ^^ ^^^ horizontal 

parallax, and 18".35 its corresponding semidiameter ; then, as 



Therefore !>■■ 



_7912xl8.35x5.202T76 



87900 miles, 

In the same manner, we may find the diameter of any 

other plauet. 

„ We have just seen that the diameter of Jupiter is 11.11 

times the diameter of the earth; but this is the equatorial 

diameter of the planet. Its polar diameter is less, in the 

proportion of 167 to 177, as determined by the mean of many 

micrometrieal measurements; which proportion gives 82930 

miles, for the polar diameter of Jupiter. These extremes 

give the mean diameter of Jupiter, to the mean diameter of 

the earth, aa 10.8 to 1. 

i4 ( 132.) But the magnitudes of similar bodies are to one 

"■ another as the cubes of their like dimensions; therefore the 

magnitude of Jupiter is to that of the earth, as (10.8)= to 

1, and from thence we learn that Jupiter is 1260 times 

greater than the earth. 

In the same manner we may find the magnitude of any 
other planet, and it is thus that their magnitudes have often 
been determined, and the results may be seen in a concise 
form in Tabie IV, which gives a summary view of the solar 
system. 

The ma,ssea and attractions of the different planets will bo 
investigated in physical astronomy, after wo become acc[uain- 
ted with the theory of universal gravity. 
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CHAPTER XI. 

■cripiroi CF Tin planlis 



( 133.) We co!ii,1ui1« tti^i aettion ol a'*tronoiny Ijy a brief chij. x 
description ol tlie solar ujstem wlm.li we have pmi sely "~^ 
delayed lest we miglit iDterrupt the course ot reasotiin^ 
respeoting tliL plaaetary motions The reader is referred to 
Table IV, for a concise and oomparatnie view of aO the fatts 
that can be numericaliy expressc ! , and aside from these tacts 
little can be laid by way of esplanatiin or de^i-nption 

The fact, that the sun or a planet revolves on an axis, Fmu rev 
must be determined by observing the motion of spots on tho l^ ^ '' 
visible disc ; and if no spots are visible, the fact of revolution planets, 
cannot be ascertained.* But when spots are visible, their 
motion and apparent paths will not only point out the time 
of revolution, but the position of the asis. 

THE 3 u H 

( 134.) The sun th t al b dy th y t n 1 he snn 

mense magnitude, e np at ly st t fh d p f <>""": 

light and heat, and apj^a tly th po t y 1 that f 
which governs the m t n f all th ! d th syst m 

" Spots on the enn seem firet to have been observed in the year 16II, 
shice which time tliey have constantly attracted attention, und have 
been the BUbject of inveetigatiou among natronomers. These spots 
change their appearance as the Bun revolves on lis ails, and beeotno 
greater or less, to an observer on the earth, aa they arc turned to, or 
from him ; they also change in r^pect to real magnitnijo and number; 
one spot, seen by Dr. Herschel, was estimated to be more than six 
limes the size of our earth, being 5O00O miles in diameter. Some- 
times forty or fifty spots may be seen at the same time, and somo^mes 
only'one. They are oflen so large as to be seen with the naked eye ; 
this was the case in 1816, 

" la two instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of Ice 
thrown upon the ground. 
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p. X!. " I" rasjiGOt to the unture and design of those flpStS, altMbst efctjr 
'~ — BStroiioniar has formed a different theory. Some have supposed them 
to be solid opaque masses of ecoriffi, floating in the liquid fire of the 
sun ; others ps satellites, revoiviiig round him, and hiding his light 
from OB'i others as imnienae masses, which have fallen on his disc, and 
which toe darkooidred, because they have not yet bflbome sufliciently 

"Dr, Herschel, from many observations with his great telescope, 
concludes, that the shining matter of the sun consists of a mass of 
phosphoric olouds) and that the spots oa his surface are owing to dis' 
turhances in the equilibrium of this luminous matter, by which open^ 
ings are made through it. There arfl) however, objections to this 
theory, as indeed there are to all theothers, and at present it can only be 
said, that no satisfactory eifplanatlon of the cause of these spots haB 
been given." 

iinsoiai ( 135.) Merciery., This planet is the netltest to the suHj 

'°^'''*' and lias been the subject of considerable temark in the pre-* 

L. ° ceding pngea It is rarely visible, owing to its small size and 

proximity to the gun, and it never appears larger to the na-" 

ked eye than a Star of the fifth magnitude. 

Mercury is too neSr the Sun to admit of any observations 
on the spots on its surface ; but its period of rotation has 
been determined by the variations in its horng — the same 
ragged corner comes roimd at regular intervals of time — ■ 
24h. 5ra. 
s wiisn Tbe best time to see Mercury, in the evening, is in the 
urymajr spring of the yoai-, when the planet is at its greatest elonga- 
'°' tion i^t of the Sitn. It will then be visible to the naked 
eye about fifteen minutes, and will set about an hour and 
fifty minutes after the sun. When the planet is west of the 
sun, and at its greatest distance, it may be seen in the morn- 
ing, most advantageously in August and September. The 
symbol for the greatest elongation of Mercury, as wntten in 
the common almanacs, is V dr. Elon. 
hmoon- (186.) Verms. Thisplanet is second in ordet from the i 
on Vb- gg^ if, felafion to its position and motion, has bee 

described. The period of its i'otation on its axis is 23h. 21m, 
The position of the axis is tiUvays the same, and is not at 
right anglea*tS!) the plane of its orbit, which ^ves it a change of 
seasons. Ike tangent position of the Bun's light across this 
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planet'sbows a veryi-Ougli i 
face;- indeed, high mountains.] 
By tte radiataug and glimn 
ibg nature of the light of this 1 
planet, we infer that it must I 
have a deep and dense atitlos- , 
phore. 

( 137.) The Hartk is the neat planet in the system; but it 
would he only formality to give any description of it in this ^ 
plaee. As a planet, it aeems to be highly favored above ita 
neighliorlng planets, by being furnished with an attendant, ' 
the mom; and insignificant as thia latter body is, compared ^ 
to the whole solar system, it ia the moat importitnt and in- 
teresting to the inhabitants of our earth. The two bodies, 
the eOrl/i and the moon, aS seeii froln the Slln, are Very small : 
the forraet suhtending an angle of about 17" Jn diameter, 
the latter about 4'', and their distance asunder never greater 
than betwe^ seven and eight minutes of a degree. 

Contrary to the general improasion, the moon'a motion in 
ahaolute apace is always concave tottard the Sun.* 

(138.) J/in-g— -the first superior planet — ia of a red color; 
and very variahle in its apparent magnitude. About every p, 



* Thia may be shown thus — the moon is inside the earth's 
orbit from the last quarter to the first quarter, on an 
14 days and 18 hours. During this time the earth n 
its orbit 14° '30'. Let ^^^ 

i ra ^ be a portion of the 
earth's orbit eijaal to 14^ 31 
Jj the position of the earth at the Firsl Quitrter of the moon,- 
and F its position at the ImsI ^uOrteT. Draw th^ chord £ F, 
and compute m« the versed sine of the arc 7° 15'i 

The ruean radius of the. earth's orbit is 397 times the ra- 
dius of the lunar orbit. A radius of 397 and an angle 7° 15' 
gives a. versed sine of 3.49; hut on this scale the,' distance 
from the earth to the moon is «ni^, or less than one third of 
Mm; henoe, the Inoon's path must be hetween the, chord ii J* 
and the are Z n M" — that it 
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ip. XI. other year, wben it comes to the meridiaa near midnigUt, it 
is tlien most conspicuous , anj tlie Bext year it is scarcely 
noticed by tho & 

' The pliysloa! appearance of 
Miisis^omewhat ramarkable. His 
f oUr regions when seen Ihrongh 
El t leseope, have a brilliancy so 
inch gi'eater than the rest of his 
d ae, that there can be httle. doubt 
that, as with the earth so with 
This [ilanet, accumulations of ice 
or pnow lake place during the win- 
ters of those regions. In 1781 
the south polar spot was extremely 
right ; for ■ 




)sed 1 



the 



The 



r of the planet moat probably 
arises from a reuse atnosphore whicbKurroundahim, of theeiietenceof 
whicli there Is other proof depending on the appearance of stars as 
they approach him ; they grow dim and ate sometimes wholly eilin- 
guished as their rays pass through that medium." 
A irontun- ( 139-) The Hcst planet, as known to ancient astronomers. 
jierfbotion in is Jupiter; but its distance is so great beyond the orbit of 
iho ijsteni. jyj^^g^ ^^jg^^ (],q -y^i^ spaco between the two had often been 
eonsidoTcd as an imperfection, and it was a general impression 
among astronomers that a planet might lo occupy that vacant 
space. 
Bods'i law. Professor Bode, of Berlm, on comparing the relative dis- 
tances of the planets irom the mm, discovered the following re- 
markable fact — that if we take the following series of numbers : 

0, 3, 6, 12, 24, 48, 96, 192, &c., 
and then add the number 4 to each, and we have, 
4, 7, 10, 16, 28, 52, 100, 196, fee, 
Theienson and this last series of numbers very nearly, (toii^A woi ex- 
To^bB ojdied ^^^V' corresponds to the relative distances of the planets from 
aiiw, tho sun, with the exception of the number 28. This is 
sometimes called Bode's law; but remarkable as it certainly 
is, it should not be dignified bj the term law, antU some bet- 
ter account of it can be given than its mere existence ; for, 
at present, all that can be said of it is, " here L 
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coincidence" But mere accident as it may be it BUfsested cujp.si 
the posi^ibihty of seme small undiscove d pa sing oiai 

m this region ind we can easily imagin a n liin n f '"• 

astronomer" on finding ffntr in place ot n n 

orbits tolerably well corresponding to tli aw ah 

ineidenoe Had thej even found bnt on w u d m 
indicate something more than more coin d n e n find ng 
Jour, proves the aeries to be simply ac d n a — wd be 
four or more planets there discovered w re gin ly on 
planet , and then tame the inquiry, ia not this the case ? Thus 
oriEtinated tbe idea that these new and newly diaoovered small 
planets are but fi agments of a larger one, TObiob formerly eir- 
eulated in that mterval and was blown to pieces by acme 
internal explosion — and we shdi examine this hypothesis in a 
text note imdet physical astronxmiy. 

The names ot these planets in the order of the times of their 
discovery, are Ceres Pallat Jww, Vesta. The order of their 
distances- from the sun is Vesta, Juno, Geres, Pallas. 



! „...,. 


"Tove.™" ' 


..a™. .,„„,.„,.. 


....,B,.....,„j 


J Ceres 
I Ve-tB 


M Pl^M 

Dr Olbers 
M Hardnff 
Dr Olbers 


Palermo, Sicily, 

Bremen, Germaay. 

L lienthal, near Bremen, 


ilil 

illl 



If a pknet has really burst, it is but reasonable to suppose 
that it separated intu many fragments ; and, agreeably to this 
view ot the subject, astronomers have been constantly on the 
alert for new planets, in the same regions of space ; and every 
discovery of tbe kind greatly increases the probability of the ^i 
theory. The following very recent discoveries are said to have ^ 
been made, but tbe elements of tbe orbits are not regarded as sis 
sufficiently accurate to demand a place in the table. 

On the 8tb of December, 1845, Mr. Hencke, of Dreisen, 
claims to have discovered a planet which he calls Astrea; 
and the same observer also cJainis another, discovered in 
1847, called Eebe. His success induced others to a like exa- ** 
mination, and a Mr. Hind, of London, within the paat year, „ 
10 
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. 1848, olaims a seventK and eighth asteroid, named Trie arnS 
Flora. 

Thus we have eight miniature worlds, supposed to have 
once composed a planet ; and if the four last named ar^ veri- 
table discoveries, we shall soon have tie elements of their 
orhits in an unijuegtionable shape. 

The eiements of the orbits of the four known asteroids, as 
given for the epoch 1820, arc not as accurate as the follow- 
ing, which were deduced from the Nautical Almanac for 1846 
and 1847 ; which have been corrected from more modern, 
extended, and accurate observations. (Epoch Jan., 1847-) 

On account of tho small magnitude of these new planets, 
and their recent discovery, nothing is known of them save 
the following tabular facts, and these are only approxunation 
to the truth. 



run... 


.."SSl. 


Hie Sun. 


Ik^enULoityof 


Vesta 

Juno 

Ceres 

Pallas. 


Days. 
1334. 389 
1594. 751 
1683. 064 
1685. 16S 


9. 36190 
S. 66514 
2. 76910 
2. 77195 


0. 0B913 
0. 25385 
0. 07844 
0. 94050 


Pi.n... 


i3-Vi. 


Inclination of 
OrbitB. 


^S^n?' 


Vesla 

Juno 

Ceres 

Pallas. 


103 20 4T 
170 53 
80 47' 56 
173 49 38 


r 8 29- 
13 9 53 
10 37 IT 
3i 37 42 


251 4 3* 
S4 18 33 

147 35 41 
191 90 13 



_^ ( 140.) With the two elements, the longitude of the ascend- 
ing nodes, and the inclination of the orbits to the ecUptio, we 
are enabled to give a general projection of these orbits around^ 
the celestial sphere, in relation to the ecliptic, as represented 
on page 37 ; and our object" is to show that there are two 
points in the heavens, nearly opposite to each other, near to 
which all these planets pass. One of these points is about 
tie longitude of 185 degree^ and' the latitude of 15 degrees' 
north; and the other is the opposite point on the celestial 
sphere. If these planets are but fragments of one original 
planet, which burst or es|Joded by its internal fires, from thai 
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laorttenl they must have : 
btarted ftom the «ame ' 
pyint,anrfi/ie o>/jita of dl 
have one ronmwn dmlana 
Jrom the sun , and for 
ages after sucli a catas- 
tropke tbeae fragments 
must have had nearly a 
fomwMire Mtwfe) and the 
fact that thej do not, at 
pteseni, pas? through 
Common point nor have 
a common node, does 
prove that thej were 
Originally in one body; 
for, owing to mutual dia^ 
turbancea, and the dia^ 
turbanCes of other pli 
nets, the nodes rau; 
change positions; and the 
longer axis of the orbita, 
espeoially the very ec- 
centric onea.muat change 
poaitaonB ; and now ( after 
we know not how many 
iigea), it is not incon- 
siatcnt with tbe theory 
of an eiploaion, tliat we 
find tins orbita as they 

The hypolheeis that 
Iheae planets wore ori- 
ginally one, and must, 
tljereforfe, have two com- 
mon points in the hea- 
vens near which they 
must all pass, led to the 
ttiscovory of June and 
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.r. XI. Vesta, lij carefully observing tlieae two portions of the 
heavens. 

The apparent diameters of these planets are too small to 
be accurately measured; and therefore we have only a very 
rough or conjectural knowledge of their real diameters. 

All of these planets are iiiviflihle to the naked eye, esocpt 
Vesta, which sometimes can be seen as a star of the 5th or 
Cth magnitude, 

( 141.) Jupiier. We now come to the most magnificent 
planet in the system — the well-tnown Jupiter — which is 
nearly 1300 times the magnitude of the earth, 
Jopiiei's The disc of Jupiter is always observed to be crossed, in an 
'* eastern and western direction, by dark bands, ; 




"These baits are, howsfer, by niv nteans alike at all times; they 
vary in. breadtli ami in situation en the disc (though never in their 
general direction). They hare even been seen broken up, and distri- 
buted over the whole face of the planet i but tliis phenomenon is ex- 
tremely rare. Branches running out from them, ajid BUbdiTiaiouB, as 
represented in the iigure, as well as evident dark spots, like strings of 
clouds, are by no means uncommon i and t^om these, attentively 
wa.tched, it is coilcluded that this pladet revolves in the surprisingly 
°' abort period of 9 h. 55 m. 50 s. [sid. time), on an axis perpendioular to 
the direction of the belts. Now, it is very remarkable, and forms a 
mast satisfactory comment on the reasoning by which the spheroidal 
iigure of the earth has been deduced from its diurnal rotation, that the 
outline of Jupiter's disc is evidently net circnlar, but elliptic, being 
consideiebly flattened in the direc^on of its axis of rotRtion. 
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" Ttie patallelism of the belts to the equator of Jupiter, their occa- csap, XI. 

Bioual variations, ami tlia appearances of spots seen upon them, render ~ ~ 

it extremely probahle IJiat they subsist in the atmosphere of the planet, ^^ jqpjij, 
forming traols of comparatively clear sky, detBrmined by cutrenlB ana- 
logous to oar tradewinds, hut of a much more steady and decided clia- 
raoter, as might indeed be expected from the immense velocity of its 
rotation. That it is the comparatively darker body of the planet which 
appears in the belts, is evident from this, — that they do not come up 
in all their strength to the edge of the disc, but fade away gradually be- 
fore they reach it. 

(142.) " When Japiter is viswed with a telescope, even of moderate Jupiter's 
power, it is seen accompanied by fout Email stars, nearly in a straight 's'""""- 
iine parallel to the ecliptic. These ^«ays accompany the planal, and 
are called Its SatiUites. They are continually changing their posifiona 
with respect to one another, end to the planet, being sometimes all to 
the right, and sometimes all to the left ; but more frequently Eome on 
each side. The greatest distances to which Iheyrecede from the planet, 
cm each side, are diffsrent for the different satellites, and they are thus 
distinguished : that being called the First salet lite, which recedes to the 
least distance ; that the Second, which recedes to the neit greater dis- 
tance, and so on. The satellites of Jupiter were discovered by Galileo, 
in 1610. 

" Sometunes a satellite is observed to pass between thti sun and Ju- 
piter, and to cast a shadow which describes a chord across the disc. 
This produces ^n eclipse of the sun, to Jupiter, analogous to those 
which Ihe moon produce? on the earth. It follows that Jupiter and 
ils satellites ire opake bodie)', which shine by rejecting the sun's 
light. 

" Careful and repeited ob'ervations «how that the motions of the satel- 
lites are from west to east, in orbits nearly circular, and making small 
angles with the plane of Jupiter's orbit. Observations on the eclipses 
of the satellites make known their synodic revolutions, from which 
their sidereal revolutions are easily deduced. From measurements of 
the greatest apparent distances of the satellites from the planet, their 
teal distances are determined. 

"A comparison of the mean distances of the satellites, with their side- 
real revolutions, proves that Kepler's third law, with respect to the 
planets, applies also to the satellites of Jnpiter. The squares of their 
sidereal revolutions are as the Cubes of their mean distances from the 
planet. 

" The planets Saturn and Uranus are also altfended by satellites, and 
the same law has place with them." 

( 143.) By tte eclipses of Jupiter's satellites, the progre 
wve nature of light was disoofered; wMch wa illustrate in ligU. 
the following manner ; 



Progressiva 
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Lets (Fig. 31) rapreeent thesun, JJnpiteiiEearth.and m Jupitet'a 
first salelllle. By careful and acoarata obeervalions aetronomers have 
dBcided that the mean revolution of this eatelllle round ita primary, is 
performed in 43h. aSm. and 35a. ; that is, the mean lime from one 
eelipsB to anetiier. 
jf But when the earth is at E, and moving in a direction toward, or 
" nearly toward, the planet as represenled in the figure, the mean lime 
" between two consecutive eclipses is shortened abont 15 seconds ; and 
we can explain tliia on no other hypothesis than that the eartii has ad- 
vanced and lafi. tlie suocessiva progression of light. When the eartli 
is in position as respects the snn and Jupiter, as represented in our 
figure at £"', and moving from Jupiter, then the interval between two 
cousecutlve eclipses of Jupiter's lirst satellite is prolonged or increased 
about 15 seconds. 

But during the interval of one revolution of Jupiter's firat sateliile, 
the eailh moves in its orbit abont 2880000 miles ; Uiis, divided by 15, 
gires 19S00O miles for the motion of light in one second of time j and 
this velocity will carry light from the eun to the earth in about eight 
and one-fonrth minutes. 

ia ( 144. ) As an eelipso of one of Jupiter's satellites may be 
'" seen from all places whero the planet is there visible, two 
J. observers viewing it will have a signal for the same moment, 
at their respective places; and their difference in local time 
will give their difference in longitude. For example, if one 
observer saw one of these eclipses at 10 h. in the evening, and 
another at 8 h. 30 m., the difference of longitude between the 
ohservera would be 1 h. 30 m. in time, or 2^° 30' of arc. 

The absolute time that tho eelipso takes place, is the same 
to all observers; and he who has the latest local time 13 tho 
most eastward. 

These eclipses cannot be observed at sea, by reason of the 
motion of the vessel. 
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( 145.) Saium. The next planot in order of remoteness < 
from tbe Bun, is Saturn, the most wonderful object in the 
solar syetem. Though leas than Jupiter, it is ahout 79000 ' 
miles in diameter, and 1000 times greater than our earth. 

"This stupendcua globe, beaidas being attended by no less tlian seven 
satelUles, or moons, is Burrounded with two broad, flat, extromely thin 
rings, concentric with the planst and with each other j both lying in 
one plane, and aeparaled by a very narrow interval from each other 
throughout Oieir whole circunifetance, as they are from the planet by 
a much widu-. Ttie dimensious of this extraordinary appendage are 
as fallows ; 

Exterior diameter of eiterior ring = 176418. 

Interior ditto, = 155979. 

Exterior diameter of interior ring, = 151690. 

Interior ditto, = 117339. 

Equatorial diameter of the body, = 79160. 

Interval between the planet and interior ring, = 19090. 

Interval of the rings = 1791. 

Thickness of tiie rings not exoeeding, = IM. j 

Fig. 39. — Telescopic View of Saturn. 




"The figure MpresantaSaturnsurrounded by its rings, and liaving its 
body striped with dark belts, somewhat similar, but broader and less " 
strongly marked than those of Jupiter, and owing, doubtless, to a simi- 
lar cause. That tlie ring is a solid opake substance, is shown by its 
throwing its Ehadow on ^o body of the planet, on the side neaiesC the 
sun, and on tbe other side receiving that of the body, ae shown in the 
figure. From the parallelism of the belts with the plane of the ring, 
it may be conjectured' that the sxia of rotation of the planet is perpen- 
dicular to that plana ; and this conjecture is eoniirmed hy the occa- 
sional appearance of extensive dusky spots on its surface, which when 
watched, like the spots on Mars or Jupiter, indicate a rotation in 10 h. 
Si) m. 17 E. about an axis so situated. 

" It will naturally be asked how so stupendous an arch, if composed 
of solid and ponderous materials, can be sustained without coUapsing 
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Chip. XI. and tailing in upon the planet ? The answer to this i^ to he found fn 
Zi ITTLj. a Bwi/l rolalion of the ring in its own plane, which observation has 
lltr of ibe detected, owing to some portions of the ring being a little less bright 
lings. than othei'S, Btiil assigned iCa period at lOh. 29m. 17 e., which, from 

what we know of ita dimeneiona, and of the force of gravity in the 
gaturnisn system, is very nearly the periodic time of a sateUite revolv' 
ing at the same distanee as the middle of its breadth. It is the ccntrl- 
fagal fmce, then, arising from thia rotation, which SBStains it ; and, 
al.thoDgh no observation nice enough to eihibit a difference of periods 
between the outer and inner rings have hitherto been made, it is more 
than probable that such s, diiference does subsist as to place each inde- 
pendently of the other in a similar slate of equiiibriiim. 
The ringa "Although the rings are, as we have said, very nearly concentric 
■EtolvB, a. with the body of Saturn, yet recent miorometrical measutemenls, of 
ooini Uie entremo delicacy, have demonalraled that the coincidence is not uialhe- 
' tsiv ' matloally exaot, but that the center of gravity of the rings OEoillates 
round that of the body, describing a very minute orbit, probably under 
laws of much complexity. Trifliug as thia remark may appear, it ia 
of the utmost importance to the stability of the system of the rings. 
Supposing them mathematically perfect in their circular form, end 
exactly concentric with the planet, it is demonstrable that they would 
form (in spite of their centrifugal force) asystemlnastaleof unsIaWe 
ejui/iftrtion, which the slightest external power would subvert — not by 
causing a rupture in the substance of the rings — but by precipitating 
tham, unbroken, on the surface of the planet. For the atlraction of 
such a ring or rings on a point or sphere eccentrically situate withJQ 
Ihem, is not ihe same in all directions, bat tends to draw the point or 
sphere tovfard the nearest part of the ring, or away from the center. 
Hence, supposing the body to bBCome, from any causa, ever so little 
eccentric to the ring, the tendency of Ihair mutual gravity is, not to 
correct, but to increase this eecenlricily,and to bring the nearest parts 
of them together." 

Uractaaiiis (146.) t/nmus. The nest planet, heyond Saturn, was 
iiaiBoheL discovered by Sir W. F. Eereohel, in 1781, and, for a time, 
was called Herachel, in honor of its discoverer; bnt, accord- 
ing to custom, the name of a heathen deity has heen substi- 
tuted, and the planet is now called Uranus — the father of 
Saiwm. 
Thij Unei '^'^^^ planet is rarely to be seen, without a telescope. In a 
Holy vuMe dear night, and in the absence of the moon, when in a favor- 
Ills naked ^-^^ position ahove the horizon, it may be seen as a star of 
about the 6th magnitude. Its real diameter is about 35000 
miles, and about SO times the magnitude of the eartli. 



)v Google 



SOLAR SYSTEM. 14g 

{Pbe esistence of this planet was suggested by some Chap. xi. 
of the perturbations of Saturn ; ■wMoh could not be accounted 
for by the action of the then known planets ; but it does not 
appear that any computations were made, aa a guide to the 
place where the unknown disturbing body ought to exist; and, 
as far as we know, the discovery by Hersobel was mere 
accident. 

But not so with the planet Neptune, discovered in the Fa^is lod 
latter part of September, 1846, by a French astronomer, Le- '" ''" ^'""'" 
verrier ; and also a Mr. Adams, of Cambridge, England, who has ^^^^^ 
put in his claim as the discoverer. The truth is, that the 
attention of the astronomers of Europe had been called to 
some extraordinary perturbations of Ummis ; which could not 
be accounted for without supposing an attracting body to be 
situated in space, beyond the orbit of Uranus; and so distinct 
and clear were these irregularities, that both geometers, Le- 
verrier and Adams, fixed on the same region of the heavens, 
for the then position of their /lypothetical planet ; and by dili- 
gent search, the planet was actually discovered about the 
Same time, in both France and England. 

At present, we can know very little of this planet; and 
according to the best authority I can gather, its longi- 
tude, January 1, 1847, was 327° 24'. Mean distance from 
the sun, 30.2 ( the earth's distance being unity) ; period of 
revolution 166 years. Eccentricity of orbit 0.0084; mass, 

1 
23000 ■ 

According to Bode'a law, the distance of the next planet 
from the sUn, beyond Uranus, must be 38.8 ; and if Neptune 
really is at 30.2, it shows Bode's law to be only a remarkable 
Coincidence; for there can be no exceptions to positive physi- 
paNaws. 

"We shall close thia chapter wilh an illnsttatlon calculated to convey jj^^^ .^ 
to tile minds of oat resders a general impreasioii of the relative magni- attain a cor. 
tudes and distances of the parts of our syafem. Choose any well- ,g^t concpp- 
leveled field or bowling green. On it place a globe, two feet in diame- Hon of ihs 
ter; this will represent the sun; Mercury will be represented by a grain gslsisptsBi 
of mustard seed, on the circumference of a circle 164 feet in diameter, 
fgr lis orbit i Venue a pea, on a circle S84 feet In diameter ; th« «BTtli 
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. also a pea, on a circle of 430 feet; Mara a rather large pin's hemi, on a 
circle ef 654 feet; Juno, Ceres, Veeta, and Fallae, grains of Mnd, in 
orbits of from 1000 to 1901) feet ; Jupiter a moderate-eized orange, in a 
circle nearly half a mile across; Saturn a small orange, on a circle of 
four-fifths of a mile ; and Uranus a full-sized cherry, or amah plum, 
upon the circnmforence of a circle more than a mile and a halt in dia- 
meter. Aa to getting correct notions on this subject by drawing circles 
on paper, or, atill worse, from those very childish toys called orreries, 
it is out of the question. To imitate the motions of the planets in tJie 
,f above-mentioned orbits, Mercury must describe ita own diameter in 41 
7 seconds; Venus, in 4 m, 14 s.; the earth, in 7 minutes j Mars, in 4m. 
48s.; Jupiter, in2h, 56m. ; Saturn,in3h. 13m. ; and Uranna,in 2h. 
16m." — HerscJid's Astronomy. 



CHAPTER XII. 



3H1P. xii. (147 ) Be Es (} i! t d tb at 11 1 th a 
Comets great nun! t th hi wh h giad Uj n t 

.rmerty in- yie^, ^ 1 i^lit nd 1 t^ 1 1 tl y attain 

„ ' a masi um dt gdlljd bp ffnd 

lost in the distance. 
Knowled^ " Theee bodka are eomete. From their singular and unusual appear- 
inishea anoe, they were for a long time objects of terror to mankind, and were 
""'■ regarded as harbingers of some great calamity. 

" The luminous train which accompanied them was particularly 
alarming, and the more so in proportion to its length. !t is but little 
more than half a century ainoe these superstlllous fears were dissipated 
by a sound philosophy; and comets, being now better understood, 
excite only the curiosity of astrom>raers and of mankind in general. 
These discoveries which give fortitude to tile human mind aro not 
among the least useful. 

" It was formerly doubted whether comets belonged to the class of 
heavenly bodies, or were only meteors engendered fortuitously in tho 
air by the inflammation of certain vapors. Before the invention of the 
telescope, there were no means of observing the progressive increasi) 
and diminution of their light They were seen but for a sliort time, 
and their appearance and disappearance took place suddenly. Their 
light and vapory tails, through which the stars were visible, and their 
whiteneaa often intense, seemed to give them a strong resemblance to 
those transient iircs, which we call shooting stars. Appai-ently, they 
diiFersd from these only in duration. They might be only composed 
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pf B more compact Bubstance capable of retarding for a longer tiino Chip. J 
their diaaolution. But these opinions are no longer maintained ; more """ " 
accurate observations have led to a different theory. 

"All the comets hitherto obaerred havo a small parallax,* which places ParaJla; 
them far beyond the orbit of the moon j they are not, therefore, formed comets, 
in our atmOBphere. MoreoTer, their apparent mption among the atara 
is subject to regular laws, which enable us to predict their whole course 
from a small number ot observations. This regaiarity and constancy 
evidently indicate durable bodies ; and it la natural lo conclude that 
comets are aa jicrmaneut as the planets, but subject to a different kind 

" When we observe these bodies with a telescope, they resemble a mass Coraeis 
ot vapor, at the center of which is commonly seen a nucleus more or *PP»reiii 
less distinctly terminated. Some, however, have appeared to consist „ 
of merely a light vapor, without a sensible nucleus, since the stars are 
visible through it. During their revolution, they eiperience progres- 
sive variations in their brightneas, which appear to depend upon their 
distance from the sun, either because the sun inflames them by its heat, 
or simply on account of B stronger illumination. When their bright- 
ne^ is greatest, we may conclude from this very circumstance that 
they are near their perihelion. Their light is at first very feeble, but 
becomes gradually more vivid, until it sometimes surpasses that of the 
brightest planets ; after which it declines by the same degrees until it 
becomes imperceptible. We are hence led to the conclusion that 
comets, coming from the remote regions of the heavens, approach, in 
many instances, much nearer the sun than the planets, and then recede 
to much greater distances. 

"Since comets are bodies wh h m t b 1 ng to our planetary Orliits 
system, it is natural to suppos th t th y m about the sun like o"™'''- 
planets, but in orbits extremely 1 g ted Tl se orbits must, there- 
fore, still be ellipses, having th f at h nter of the sun, but 
having their major axes almost niin t esp ially with respect lo us, 
who observe only a small portion of the orbit, namely, that in which 
the comet becomes visible as It approaches the sun. Accordingly the 
orbits of comets roust take the form of s parabola, for we thus designate 
(he curve Into which the ellipse passes, when inde£nit«Iy elongated, 

"If wa introduce this modification into the laws of Kepler, which 

» The parallaxes of comets are known to be small, by two observers, 
at distant stations on the earth, comparing their observations taken 
on the saroe comet at near the same time. At the times the observa- 
tions are made, neither observer can know how great the parallax is. 
It is only aflemtaTd, when comparisons are made, that judgment, in 
this particular, can be formed ; and it is not common that any more 
definite conclusion can be drawn, than that the parallax is small, and, 
uf course, the body distant. 

10 a 
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I-. XII. relate (0 the elliptical iiiqiioD, we obtain those of the parabolic motion 
—^ ofcemeta. 

Its (let- " f^s"<=s ''^ follows lliat the areas described by the same comet, in Its 
erjnal parabolic Orbit, are proportional lo the times. The areas described by 
in e- different comets in the Same time, ate proportional to the square roots 
limes, of their perihelion distaiioes, 

" Lastly, if we suppose a planet moving in a circular orbit, whose 
todiua is equal to the perihelion distance of a comet, the areaa described 
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by causing a parabola to pass through several observed places of a 
comet, and then ascerteining whether all the others are contained in it 
liser- " For this purpose threo obaervationB afe requisite. If we observe 
stlH- the light ascensioti and declination of a Comet at three dilFeient 
*i«^ times, and thence deduce its geocentric longitude and latitude, we 
'"''' shall have the direction of three Visual raya dfaWn at these timea from 
the earth to the comet, and in the prolongation of whioh it muat 
necessarily be found. The corresponding places of the sun are also 
known j it remains then lo construct a parabola, having its focua at 
the center of the sun, and cutting the visual rays in points, the inter- 
vals of which correspond lo the number of days between the obser- 



" Or .if we suppose the earth in mo- 
tion and the sun at rest, let T, T, T\ 
represent three successive positions of 
the earth, and TC, TC, T"C", three 
visual rays drawn to the comet. The 
question is to find a parabola CC'C", 
I i g il f in S at the center of 
lb d itting the three visual 

y f m bly to the conditions re- 



.„ " These conditions are m th ffi t to determine completely 

,d the elements of the parabol t th t i the perihelion distance 

b- of the comet, the position f tl j hi , Ih instant of passing this 
point, the inclination of the orbit to the ecliptic, and the position of 
its nodes. Those five elements being known, we can aaaign the posi- 
tion of the comet for any time whatever, and compare it with the 
rcsulta of observation. But the calculation of the elements is very 
diflicnlt, and can ha performed only by a very delicate analysis, which 
Cannot here be made known. 
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"About l20 comets have been calculalad upon tlia theory of the Chip. XII. 

a supposition. We can have no doubt, therefore, that this is coafonn- j^^n^^^i ^^ 
able to the law of nature. We have thns obtained precise Itnowieiige (,f ii^jj „. 
of the motione of these bodies, and are enabled to follow them in space, bits. 
This dlBcovery has given additional oonfinnation to the laws of Kepler, 
and led to several other important results. 

" Comets do not all move from west to e^t like lbs planets. Some 
faave a direct, and some a retrograde motion. 

"Their orbits are not Comprehended within a narrow zone of the 
heavens, like those of the principal planets. They vary through all 
degrees of inclination. There are some Whose plane is nearly coiiici- 
deotwlththatof the ecliptic, and others have their planes perpendicular 
to it. 

" It is farther to be observed that the tails of comets begin to appear, 
Bs the bodies approach near the stin ; their length increases with this 
proiimity, and they do not acqnire their greatest extent, unti! after 
passing (he perihelion. The direction is generally apposite to the siin, 
forming a curve slightly concave, the sun on the boncave side. 

"Theporlionof tho comet nearest to the sun must roovemore rapidly 
than its remoter parte, and this Will account for the lengthening of the 
Uit. 

"The tail is, howevet, by no means an invariable appendage of Eomccoiii. 
cometsi Many of the brightest have been observed to have short and ets have no 
feeble tails, and not a few have been entirely ttrlihout them. Those ""'■ 
of 1585 and 1763 offered no vestige of a tall ; and Cassini describes the 
comet of 1682 as lieing as round and as bright as Jupiter. On the other 
hand, instances are not wanting of comets furnished with many t^s, 
or streams of diverging light. That of 1744 had no less than six, 
spread out like ati immense fan, extending to a distance of nearly 30 
degfees in length. 

" The smaller comets, such as at^ Visible only in telescopes, or With 
difiicnity by the naked eye, and Which are by far the most numerous, 
olFer very frequently no appearance of a tail, and appear only as roUnd 
or somewhat oval vaporous masses, , more dense toward the center; 
Where, however, they appear to have no distinct nucleus, or anything 
Which seems entitled to be considered as a solid body. 

" Tho tail of the comet of 14SG Was 60 degrees long. That of 1618, oiheishevB 
100 degrees, so that its tail had not all risen when its head reached the lereial taili. 
middle of the heavens. The comet of 1680 was so great, that though 
its head set soon after the sun, its tail, 70 degrees long, continued visi- 
bie all night. The comet of 1689 had a tail 68 degrees long. That of 
1769 had a tail more than 90 degrees In length. That of 1811 had a 
tail 33 degrees long. The recent comet of 1843 had a tail 60 degrees 
in length." 

The following figure gives a telescopic view of the comet of 1811. 
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I. " Whon wshave detsrmined theeleniejits of a oomot's orbit, *e e»!«' 
,„ P"* ^^^"' "'* i^o"^ of cometa before observed, and sae wlielher thara 
lij is an agreement wLlh respect to any of them. If there ia a perfect 
„, identity as to the eienlents, we ehouldhare no hesitation in concluding 
that thoy belonged lo different appearances of tile same comet. But 
this condition is not rigorously neceasaiy ; foi- tha elementa of the 
orbit may, like those of other he»voply bodies, have dndei^Dne Changes 
from the perturbations of the planets or their mutual attractions; Con- 
sequently, we have only to see whethet the actual elements are nearly 
ihe same with those of anycijmet bofbre observed, aitd then,by thedoc^ 
trine of chances, wo oan judge wliat reliance ia to be pieced upon this 
bsemblanca," Gd««t of 1811. 




'3 "Dr. Halley remarked that the cOmets observed in 1531, 1607, 16S3t 
hsQ nearly the same elements ; and he henee obncluded that they be* 
longed to the same comet, which, in 151 yeai«, made two revolutionsj 
Its period being abont 76 years. It actually appeared in 1759, agreea- 
bly to the prediction of this great astronomer ; itnd again in 1333, by 
tli9 computation of several eminent astrODotnete. According to Kep- 
ler's third law, if we take for anily half the major ails of tne earth's 

13 orbit, the nleaii distance <jf this comet must be equal to the cube root 
of the square of 76j that is, to 17.95. The major' htie of its orbit must, 
'therefore, be 35.9 j and as its observed perihelion distance is found to 
be 0.53, It follows that its aphelion distance is equal to 35.3S. lH 
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SepAfta, ihivelate, ftom the sun to thirty-five times the distance of the C 
viiTtli, and afteri^ard appioschea neatly twice as near the sun as the 
eartli is, thus describing an ellipse extremely elongated. 

''The intei'vBls of its return to lU perihelion are not constantly the 
samoi That butneen 1531 and 1607 was three months longer than 
that between 1607 and leaS; and this last was 18 manths shorter than 
the one between 1688 and 1759. It appears, therefore, that the motions; 
of comets are subject to perturbaUonE, like those of the planets, and to 
a much more sensible degree. 

" Elements of the Orbits of tho thiee Comets, which have appeared ac- 
eoniing to prediction, taken from the work of Professor Littrow, 

HaUey, Bncke. Eiels. 
Longitude of the aaconding nftde, - 54= 335° 349° 
Inclination of the orbit to the ecliptic, 162° 13° IS" 

Longitude of the peribcliom - - 303" 157° 108° 
Greatestsemidiamater, lliatof the earthj ,g „„ „g 

being called 1, ' - - - J 
Least samidiameter, ... 4.G 1.3 S.4 

Time of revolution In years, - 76 3.23 6,74 

Nov. ID. May^. Ko».5» 
Time ofthe perihelion passage, - 1835 1833 1832 

" The comets of Encke and Eiela move according to the oi-der of the 
oigiis of the zodiac, or have their motions difect; the motion of that 
of Hallfiy is retrograde, 

"Comets, in passing among and near tho planeU, are malorially 
drawn aside from their cotlrses, and in some cases have their orl)L(9 en- " 
tirely changed. Ttusis remarkably the case with Jupiter, which seems, 
by some strange fatality, to be constantly in their way, and to serve as ,. 
B perpetual stumbling-block to them. In the case of the remarkable „^ 
Comet of 1770, which was found by Lo.ieii to revolve in a moderate 
ellipse in the period of about five years, and whose return was pre- 
dicted by him accordingly, the prediction was disappointed by the comet 
actually getting entangled among tho satellites of Jupitefj and being 
completely thrown out of ite orbit by the attraction of that planet, and 
forced into a much larger ellipse. By this eitraordinary renconter, 
tie motions of the sateUilee snjered notilie least percqilible dcmngement — 
a sufficient proof of the smallnesa of the Comet's mass." 

The comet of 1456, represented aa hating a tail of 60° in length, U 
now found to be Halley's Comet, which has made several returns — 
in 1531, 1007, 1683, 1750,Bnd recently, in 1835. In 1607 the tail waa 
said to have been over 30° in length ; but in 1835 the tail did not ex- 
ceed 13° Does it lose Substance, or does the matter composing thC 
tail condense ^ or, have We received only ex^gcrated and distorted 
accounts from the earlier Omes, such as fear, superstition, and awO( 
always put forth ? We sflk these questions, but cannot answer themi 
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Fears en- "ProfesBor Kendall, ill hisUranograpliy, apeskiiig of the i 
Mitiined, b; gjoned by comets, Eaya; "Another sourcs of apprehenEioii, Wilh regard 
soma, Uiat ^^ comets, ariBcs from the possibility of their elriking our earth. It is 
"ir"' ^1 ' lutto probable that evBii in the hiatorioal period the earth has been 
come inio enveloped in the tail of a Comet. It ia not likely that the effect would 
BollLsiniiHUli be sensible at the time. The actual shock of the head of a comet against 
oni earth. Iho earth is estromely impfobable. It is not liltelj' to happen once in 
a million of yeate. 

" If such a shock Ehould occur, the conEsquences might perhaps ba 
very trivial. It ts quite possible that many of ths comets are not 
hsavier than a single mountain on the suriaee of the earth. It is w-ll 
known that the size of mountains on the earth is illustrated by com. 
paring them to particles of diist on a, common globe." 



CHAPTEU XIlI. 

ON THE TECtlLIAKITIBS OP THE FIXED STARS. 

^- For the facts as contaiBcd in tlie subject matter of this 
chapter, we must depend wholly on authority ; for that reason 
we givo only a compilation, made in aa brief a manner as the 
nature of the subject will admit. 

In the first part of this work it was soon discovered tb&t 
tho fixed stars were moro remote than the sun or planets ; 
and now, having determined their distances, we may make 
further inquiries as to the distances to the stars, which will 
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^ve some index hy wMeli to judge of theii magnitudes, nature, Cbap. am. 



" It wonld be idle to iaqnire whether the fixed stBTS have a sensible Bsbb fiMa 
parallai, when observed from different parts of the earth- We hove '^^^'^ '" 
already liad ahundaiit evidence that their distanoa is almost infinite. It '''""'™ "• 
is outjr by tailing tLe longest base accessible to us, that we can hope to 
arrive at any satisfactory reeull. 

"Accordingly, we employ the major axis of the earth's orbit, which is 
nearly SOD millions of miles in extent. By observing a star Horn the 
two extremities of this axis, at intervals of six months, and applying a 
uorrection for all the small inequalities, the efiect of which we have 
calculated, we shall know whether the longitude and latitude are the 
Banie or not at these tCvo epoclis. 

" It is obviouE, indeed, that the star must appear more elevated above Anmil 
the plane of the ecliptic when the earth is in the part of its orbit which paisllsi. 
h nearest to the slar, and mofe depressed whon the contrary takes 
place. The visual ray^ drawn from the earlh to the star, in these two 
positions, dillcr from the straight line drawn from the star to the center 
i>f the earth's orbit ; and the angle which either of thsm forms with 
thia straight line, is called the artnual parallax. 

" As the earth does not pass suddenly from one point of its orbit to Ths effect 
the opposite, but proceeds gradually, if we observe the positions of a "f = aenaibls 
Btat at the intermediate epochs, we ought, if the annual parailan is sen- P^'*"*^ 
siblo, to see its effects developed in the same gradual manner. For 
example, if the star is placed at the pole of the ecliptic, the visual rays 
drawn irom it tu the earth, will form aconlcal surface, having its apex 
at the star, and for its base, the earth's orbit. This conical surface 
being produced beyond the star, will form another opposite to the first, 
and the inlcrseetiou of this last with the celestial sphere, wilt constitute 
a small ellipse, in which iho star will always appear diametrically oppo- 
Bits to the earth, and in the prolongation of the visual rays drawn to 
llie apex oF the cones. 

"But notwithstimding all the pains that have been taken to multiply tIis annnsl 
observations, and all the care that bas been used to render them per- parallsimoK 
Teclly eiacl, we have been able lo discover nothing which indicates, ** ^'' """ 
with certainly, even. Ihe esiBtsnoe of an annual parallax, to say nothing '"'=""'" - 
of its magnitude. Yet the precision of modern observations is snch, 
that if this parallax were only 1", it is altogether probable that it would 
not have escaped the mulUplied dforts of observers, and especially those 
of Dr. Bradley, who made many observations to discover it, and who, 
in this undertaking, foil uneipecledly upon the phenomena of aberra- 
tion* and nutation. These admirable discoveries have themselves 
served to show, by the perfect agreement which is thus found to take 

• Subject loie explained heraafler. 
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Chi>i'. xm. place ajnoiig obeeTvations, that it is baldly to be Suppoaod t!iaf th6 
annual paraUai can amount to I". Tha numoroua observations of Ihtf 
pole star, recently employed in measuring an arc of ths meTidian 
tbiongb France, bave been attended nith a similar result, as to tbe 
amonnt of the annual parallax. From all this we may conclude, that 
aa yet there are strong reasons for believing that the annual parallax 
is lees than I", at least with respect to the stars hitherto observed. 

" Thus the semidiameler of the earth's orbit, soon from the nearest 

star, would not appear to subtend an angle o( l''j and fo an observer 

placed at this diatauce,our sun, With thewholBplflnetafy system, would 

occupy a apace scarcely exceeding the IhiekBess of a spider's thread. 

Coiuduiion " If these resntta do not make known the dtelance of Che stars front 

lo be driivn (j^g gapth, they at least leach tie the Ihnit beyond which the stars must 
Di ess jiecesBaiily be siBuated. If we conceive a rigbt-angFed irfangle, having 
for its base half tlie majn' axis of the earth's orbitf and for its vertex 
an augle of I", the distance of this vortex from the earth, or the length 
of the visual ray, will be expressed by SISSOT, the radius of tha earth'0 
orbit being unity ; and as this radiua conlaiiie 93987 times the semldia- 
mater of the earth, it follows Slat if the annual parallax of a alar were 
only 1", its distance from the earth would be equal to 5090209309 railif 
of the earth, or 30089 B68036'404 miles i that is, moi-a than SO billions. 
But if the annual parallax Is less than I"«the stars are beyond the limit: 
which we have assigned. 
Cliangss "It is evident tha! the stars Undergo considerable changes, since thesa' 

fa indiYiduil ehangesare Bcnaible even at the distance atwhich we ai^ placed. There 
are some which gradually lose Ibeh' light, as the star / of Ursa Major^ 
OthecH, as j3 of Cetus>ba;oraB more brilliant. Finally, there are some 
which have been observed to assimre aitddenly a new splendor, and then' 
gradually fade away. Such was the neW star which appeared in 1572/ 
A nfvi Elor. in tbe const«dlatIon Cassiopeia. It became alt at once so' brilliant IhaS 
it surpassed the brighleat stars, and even Venus and Jupiter when 
nearest the earth. It conld be seen at midday. GradOtiUy this great' 
brilliancy began IcdimJnisb, and the star disappeared in sixteen months' 
from the time it Was first saeK, without liaving changed ita place Ih the 
heavens. Ita color, during this time, suffered great vaj^atioua. At firs* 
It was of a dazzling white, like Venus ; then o! a reddish yellow, like' 
Mara aud Aldoharan ; and lastly, of a leaden whita, lite SatUrn. Art-' 
Anoibsr "ther star which appeared sitddenly in 1604, in the constellation Saf- 

Mw atac. pentariua, pcesentfed aimilar variationa, and diaappeared after several' 
months. These phenomena seem to indicate V^t flamoa which burst! 
forth suddenly in these great bodies; Who kilowa that oar sun may' 
not be subject ti^ similar changes, by which great revolutions have 
perhaps taken place in the state of oOr globe, and are yet to take plaea. 
fotiodical " Some stars, without entirely disappeariug, osbibil variations not less 

shanjes. remarkable. Their light increases' and decreases allcrnataly In regular 
periods. They are called for this Kceon variafib ttare. Such is tha 
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Slat Algol, in the head of Medusa, which has a period of about three Chap. Siiri 
Jays J i of CepheuB, which haa one of fire days ; ^ of Lyrat six ; ft of " ' 
Antioous, seven ; o of Cetii9, 334 ; and many othci's. 

" Several attempts Jiave been made ta bxpiain IhusQ periodical varia j\u mp 
tlfina. It le supposed that the atara which are anbje6t to tlieinjare,Iike o p B 
Ell the other stars, self-lilmindus bodias, or true aunsj turning on thoi P 
Bi'js, and having their surfaces partly oOvered with dark apotsj Which '"^ 
hiay be Bupposed to present themselves to us at oerlain times only. In 
consequence af their rttation. Other astronomers have atlettipled to 
asMount for the facta niider consideration, by aiippoaing th^e atara to 
have a form extremely oblate, by which a great diffei^nce would lake 
place in the light emitted by them nUder ditFerent aspects. Lastly, it 
has been supposed that ihe effect in question Is owing tt> large opolie 
bodies, revolving about these stars, and occasionally inCerecpting a part 
bf their light. Time aild the mullJptlcation of observations may pei'" 
haps decide ikrhich of these hypotliesfls Is the true one; 

" One of the beat methsda of observing these phenomeiia is to compare Order i» 
the stars t^^lher, designating them by Jetlefs or numbers, aud diSpos- ihese obssi* 
ing them iU the order of their briliianey. If We findi by observation, '^'io"'- 
that this order changea, it ts a proof that ohe of the stars llius Com- 
pared, has liSewise changed j and a few trials of this kind will enable na 
to aacertain Which It is that has undergone a variation. In this man- 
ner, we call only compare each star with Ihbso Which are in the neigh- 
borhood, and visible at the same time. Bnt by afterward compiiring 
these with Others, We dan, by a aeriss of intermediate terms, connect 
together the most distant extremes. Tbis method^ Which is now prac- 
ticed, la Jar preferable td that of the ancient astronomers, who claaaed 
the alara after a very vague comparison, aocoHiilg to what they called 
the ordii- of their magnitudes, biit which waa, in reality, nothing but 
that of tileir brightness, estimated in a very imperfect manner. 

"By comparing the places of Some of the fixed slars) as determined SnggSsiiijB 
tram ancientiand modBm observations, Dr. Hailey discovered that they ofDr.Hallef. 
had a prUper motion^ which could not aflse from parallax, precession-, 
br aberration. This tftmarkable circumstance was afterward noticed 
by Cassini and Le Mennior, and Was completely confitmed by Tobias 
Mayer, who compared the placesBf 80 stBre.as determined byEoemoi-, 
With his Own observations, and fOund that the greater part of them 
had a plfoper motion. Ho suggested that the change of place might 
Irisfi from a progreBsi*e motion of the sUn toward Otie quarter of tba 
heavens ; but as the lesUlt of his observation did uUt accord with his 
theory, hS remarks that many centuries mu'at elapse before tlie true 
bause of this.motion could be explained. 

" The probability of a progressive mijaon of the sUn was suggested 
ftpon tbe6retical principles by the late t>i. Wilson of Glasgow ; and 
Lalande deduced a similar opinion fhim the rotatory motion of the san^ 
by supp^Jsing, Uiat the Battle mechanical force whiih gives it n motion 
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Chap. Xm. tound its axis, would aiso displace jla Center, aitd give It a mff[iOn of 

ttanslation in absoliito space 

ocse- ,1 jj. ^j^^ ^^^ j^^^ ^ motion in absolute space, directed toward any 
Biidi II Uie- lis-rier of the heavens, it is obvioue that the stars in that qnarter must 
a,y, appear lo recede fronj each other, while those in the opposite region 

would scorn gradnally to approach, in the same manner as when walk- 
ing through a foraatj the trees toward which we advance arc conatently 
EoparaCing, while the distance of those which we leave behind is gradu-' 
ally contracting. The proper motion irf tlie stars, theteforo, hi opposft^ 
regions, as ascertained by a comparison of ancient with modern obser- 
vations, ought to correspond with this hypothosia j and Sir W. Her- 
EChel found, that the greater part of thom are nearly in the direction 
which would result from a motion of the sun toward the constellation 
Horcules, or rather lo a part of the hoaTene whose right ascension is 
350° 53' 30", and whoso north polar distance Is 4(P 23". Klugel found 
the right ascension of this point to be 360°, and Prevost made it 230°, 
with 65° of north polar distaiiocj Sir W. Herschel snpposes that the 
motion of the sun, and the aolar system. Is not slower than that of the 
earth in its orbit, and that it is performed ronnd some distant center. 
The attractive force eapoiiie of producing such an effect, ho doea not 
suppose to be lodged in one large body, but in the center of gravity of 
a cluster of stars, or the common center of gravity of several clusters." 
The following figures, talien from Norton's Astronomy, represent 
the telescopic appearance of some of the doable stars. 
Double " There are stars which, when viewed by the naked eye, and even 
SKi aaltiiila by the help of a telescope of moderate power, have the appearance of 
""*■ only B single star ; but, being seen through a good teleisct^e, they are 

found t« be donbte, and in some cases a very marked diSeienca is per- 
ceptible, both as to tbelr brilliancy and the color of their light. These 
Sir W. Herschel s>ippo3ud to be ee near each other, as to obey reoipro-' 
cally the power of each other's attraction, revolving about tlieir com- 
mon center of gravity, in certain determinate periods. 



Castor, J- Leonis, Rigel, Pole Star, irMonoc, 5 Cancri. 

Revolution! " The two stars, for example, which fortn the double star Castor, 

of the nralti- have varied in their angular eitnation mora than 45° since thoy were 

|ila aiaii. observed by Dr. Bradley, in 1759, and appear to perform a retrograde 

revolution in 342 years, in a plane perpendicular to the direction of the 

snn. Sir W. Herschel found them in intermediate angular positions, 

at interiiediatB times, but never could perceive any change in their 

distance. The retrograde tevolulion of j. in Leo, another double star, 

is supposed to bo in a plane considerably inclined to the line in which 

we view it, and to be completed in 1300 years. The stars t of Bootes, 
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perform a dilect reVolttion in 1681 jeora, in a plane oblique to iKs sun. Ci 
The stars f of Serpens, perform a retrograde rovolntioii in about 375 ' 
years; and thnse of y in Virgo in 70S years, without any change of 
their distance. In 1802, tlie largo star ^ of Jlereules, eclipsed the 
smaller one, though Uiey were separate in 1789. Otiier stara are sup- 
posed to be united in triple, quadruple, and still more oomplioated 

"Withrespectto the dolstmination of llie real magnitude of the stars, j 
and their respective distances. We have as yet made but little progress, of 
Researohes of this kind mnat be left to future astronomers. It appears, 
however, that tbe stars are not uniformly distributed through the 
heavens, but collected into groups, each containing many millions of 
stats. We can form some idea of them from those sHlall WhiUsh spots 
called Nebulte, which appear In (lie heavens as represented in the ac- 
companying lUustraf ion. By means of the telescope, we distinguish in 
these collections an almost infinite number of small stars, so near each 
Otner.tfiat their 
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the name of the Milky Way, is pl-obably nothing but a nebula of tiiis 
kind, which appcMs larger than tlie others, because it is nearer to us. VI 
With the aid of the telescope we discover in this zone of light such a ''^ 
prodigious number of stars that the Imagination is bewildered in 
attempting to represent them. Yet from the angular distances of 
these stars, It is certain that tbe space Wliich separates those Which 
eeem nearest to each other, is at least a hundred thousand times as great 
aslheradiusof tlie earth's orbit. This will give us some idea of the 
immense fcxlent of the group. To what distance then must we with- 
draw, in order that this whole collection may appear as small as the 
other uebulie which we perceive, some of which cannot, by the assist- 
ance of the best telescopes, bo made to present anything but a bright 
speck, or a simplo mass of light, of tbe nature of which we are able to 
form some idea only by analogy 1 When we attempt, in imagination, 
to fathom this abyss, It is in vain to think of prescribing any limits to 
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[, the universe, and the mind reverts involnntorily to the iiiEignifieant 

portion (if it wliich we are destined to occupy. " 

tt' Before we cIobb tliis chapter, we think it important to call the atten- 

** tion of the reader to table II , in which will he sBen, at a glance (in 

the columns marked annual variation), the general effect of the preces- 

aion of the equinoxeE ; and altbongh we hate called particular atlanlion 

to the feet elsewhere, we here notice that all the atars, from the 6th to 

the 18lh hoar of right oseension, have a prjigrcaaive motion to 

the southward ( — ), and all the slara from the 18th to the 6th hour 

of right ascension have a progressive motion to the northward (-)-), and 

the greatest variations me at Oh. and 19 h. But these motions are not, in 

reality, the motions of the stars ; theyieault ftoniniotions of (he earth. 

Whenever the annua] motion of any star does not correspond with this 

common displacaraent of the equinox, we aay the stai has a proper 

modon ; and by such discrepancy it has been decided, that those stars 

marked with an asterisk, in the catalogue, have proper motions ; and 

the star 61 Cygni, near the close of the tahle, has the greatest proper 

motion. 

il- From this circnmatance, and from the fact of its being a double star, 

31 it was selected by Bessel as a fit subject for the inv^tigatlon of stellar 

"' parallax ; and it is now contended, and In a measure granted, that the 

annual parallax of this star ia 0".35, wliich makes its distance more 

Ihaji 599.000 times the radius of the earth's orbit ; a distance that light 

coijld not traverse in less than nine and one-fourth yeaiE. 
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SECTION III. 
PHYSICAL ASTEONOMY. 

CHAPTER I. 

LAWS OF MOTION — THE THEORY OT GJtATlTY, 



( 148.) Ik a work like this, designed for elementary in- 
Btruetion, it cannot be expected that a full investigation of t,e ai 
physical astronomy shall bo entered into; for that subjecting™ 
aloEs would rec[iiire voiumeaj and to fully appreciate and 
comprehend it, requires the matured philosopher combined 
with the accomplished matheinatician. 

We shall give, however, a euf&cient amount to impart a good 
general idea of the subject — if one or two points are taken 
oa trust. 

For elementary principles we must turn a moment to natii- Eiomt 
ral philosophy, and consider the laws of inertia, motion, and pHncipi 
force. Motion is a change of place in relation to other bodies 
which we conceive to be at rest; and the extent of change in 
ihe lime taken fw imiiy is called velocity, and the essential 
coMse of motion we denominate /oree. 

A douUe force will give a doiMe vdociiy to bodies moving Veiocii 
freely in void space, or in an unresisting medium — a tri^e . 
fcfi-ce, a tri'^e velodty, &o. This is taken as an asiom — and 
hence, when we consider mere material points in motion, the 
relative velocities measure the relative amounts of force. 

There a.r& three elements to motion, which the philosopher 
never loses sight of; or we may say that he never thinks of 
motion without the three distinct elements of time, velocity, and 
disttmee, coming into his mind. 

Algebraically, we put t, v, and d, to represent the three ele- 
ments, and then wo Lave this important and general equation, 

i.=i (1) 
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V Prom ttis we derive v^j (2) and i=- (3) 

( 149.) Ah forces are in proportion to velocities (wten mo- 
meEtnm is not in question ), therefore, if we put / and ^ to 
represent two forces corresponding to the distances d and D, 
which are clescrihed in the times t and T, then hj making use 
of ec[nation (2), in place of the velocities, we have 

f.^-.-.'r^ (4). 

iwof ( 150, ) A body at rest, has no power to put itself in mo- 
tion; and having no self power, no internal force or mil, in 
any shape, it cannot increase or diminish the motion it may 
have, or change the direction it may he moving. This is the 
law of inerUa. It cannot of itself change its state ; and if it 
is changed it must he acted npon by some esternal force; 
and this accords with universal experience ; and this law is 
the most natural and simple of any we can imagine, hnt it is 
only in the motion of the heavenly bodies that it is tully 
exemplified, 
ntrai The earth, moon, and planets move in curves — not in 
""" right lines. The directions of their motions we chanf/ed. 
of Something external from them must, therefore, ehange thom : 
*"*' for the law of inertia wonld continue a motion once obtained 
in a straight line. Now this force must exist within the or- 
bit of every curve; we therefore naturally refer it to the 
body round which others circuJate. The earth and planets 
go round the Bun, and if we conld suppose a force residing in 
the sun to extend thronghont the system sufficient to draw 
bodies to it, this would at once account not only fur the 
planets deviating from a right lino, but would account for a 
constant deviation of all bodies to that point, and the preser- 
vation of the system, 
loo's The moon goes round the earth, constantly deviating from 
*™' the tangent of its orbit, and the law of inertia is constantly 

* We number Iha ptoporlions (he eame as equations, tor a propor- 
tion ia but Kn equation in anothar form. 



)v Google 



THE EARTH'S ATTRACTION. 

nrging it to rise from the center ; the two on an average balan- ■ 
cing each other, retains the moon in an orbit about the 
earth. 

Now what and where is this force? Is it around the 
earth, ov within the earth ? Is it electrical or magnetic ? or 
is it that same force (call it what we may) that makes a 
body fall toward the earth's center when unsupported on a 
resting hasa ? 

A trifling incident, the fall of an apple from a tree, seems , 
to have led the mind of Nevrton to the contemplation of this '<■ 
force which compels and causes bodies to fall, and he at once ^ 
concciyed this force to ostend to the moon and to cause it to 
deviate from the tangent of its orbit. 

The nest consideration was, whether if this were the force, 
it was the same at the distance of the moon, as on the sur- 
face of the earth ; or if it extended with a diminished amount, 
what was the law of diminution ? 

Newton now resorted to computation, and for a test he 
conoeived the force in question to estend to the moon, undi- "^ 
minished by the distance ; and corresponding thereto ho de- gi 
eided that the moon must then make a revolution in its orbit 
in lOh. 55m. But the actual time is 27 d. 7h. iSm., 
which shows that if the force is the same which pervades a 
falling body on the surface of the earth, it must be greatly 
diminished. 

Kow by making a reverse computation, taking the actual 
time of revolution, and finding how far the moon did really "" 
fall from the tangent of its orbit in one second of time, it was 
found to be about ^-jVo P^""* of 16 J^ feet — the distance a 
body falls the first second of time. 

But the distance to the moon is about 60 times the radius 
of the earth, and the inverse sc[uare of this is jj'os, which 
corresponds to the actual fall of the moon in one second. 

(151.) It is a welt- established fact in philosophy, and . 
georaetrioally demonstrated, that any force or influence exist- '" 
ing at a point, must diminish as it spreads over a larger 
space, and in proportion to the increase of space. But space 
increases as the square of linear distance, as we see by Eig. 28, 
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A double distance spreads tte influence over four times the 

space, wliatever that influence may be; a triple distance, nine 

times the space, etc., the epaee iacreasing as the si^uare of 

Fig. 2B. 




the distance. Therefore, any influence spreading in all di- 
rections from its central point must bo mfeeUed as the sc[iiaro 
of the distance. 
T From, observations and considerations like these, Newton 
established the all-important and now universally admitted 
theory of gravity. 

This theory may he summarily stated in the foBowing 
words : 

Eoery hody of matter in the universe cUirads eoery other hody, 
in direct proportion to its mass, and in (he imerse proportion to 
ih q f th d lone 

S m tt mpt h b mad f m tim t t m t 11 
th th 7 q t d h 1 1 t t 

1 f hght 1 d 1 t ty 1 t y 



Hy 11 
t f -dltl phy 



th 

pi th 9 f hj 

th Ik 1 p^Ii t h w 1 wf 

f t t t d th t t 

Th th y f -T ty fly 

Ijh m f th I y t m th t t 

h Id b f 1 d 1th feh w t 1 t m 

or its essence, it is as unreasonable to doubt its e 

to doubt the existence of animate beings, because we know 

nothing of the principle of life. 

in (152.) According to the theory of gravity, every particle 

"■ composing a hody has its influence, and a very irregular body 

may be divided in ima^nalion into many smaller bodies, and 

the center of gravity of each taken as the point of attraction, 

and all the forces resolved into one will be the attraction of 

the whole body. 
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Inaspliero composed of homogeneous partides, the aggre- ch*p. l 
gate attraction of all o£ them will be the sarao as if all were AiuacUon of 
compressed at the center; hut this will be true of no other » sphere, 
body. The earth ia not a perfect sphere, and two lines of 
attraction from distant points on its Surface may not, yea, 
will not, cross each other at the earth's center of gravity. 
( See Fig. 10.) 

( 153.) A particle anywhere inside of a spherical shell of Atiiaction 
equal thickness and density, is attracted every way alike, and i°'''i= "f ^ 
of course would show no indication of being attracted at aU. ^g,"" 
Hence a body below the* surface of the earth, as in a deep pit 
or well, will be less attracted than on the surface, as it will 
be attracted only by the diminished sphere below it. At the 
center of the earth a body would bo attracted by tho earth tii/^ni°f «( 
every way alike, and there would be no unbalanced force, a spbeie. 
and of course no perceptible or sensible attraction.* 

( 154 .) The attractive power on the surface of any perfect ^jpresaion 
and homogeneous sphere may be expressed by the mass of Hie for Uie bi- 
sphere divided In/ the square ofUie radius. lit'^rfaceof 

Consider the earth a sphere ( as it is very nearly), and u sphere. 
put E to represent its mass, and r its mean radius, then 

~ = 9= 16tV feet. 

H 
This attractive force, algebraically expressed by ~ we call g, 

and it is sufficient to cause bodies to fall IGjJ^ feet during 
the first second of time. If the earth had contained more 
matter, bodies would have fallen more than 16Jg feet the 
first second; if less, a leas distance. 

With the same matter, but more compact, so that r^ would ,j,|,g jpu„|,g 

be less with E the same, -- would be greater, and the attrac- ii,e evOi. 
tive power at the surface greater, and bodies would then fall 
more than 16-J^ feet tho first second of their fall. 

Now we say this ISyij feet is the measure of the earth's 
attraction at its surface, and it is made the unit and standard 
mouore, directly or indirectly, for all astrmuimica.1 forces. 

* See IUibtnsott'9 Natural Philosophy, poge 16. 
11 H* 
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Chap. I. For thLs reason, we call the undivided attention to this 

force, the known — the noted — tlie all-importaiii \Q-^^feei. 

To find iiiB ( 155. ) By the theory of gravity, we can readily obtain an 

"Thw" at ^i^'j*'**^ expression for the attraction of a sphere at any dis- 

inydiEiance. tanoe from the center, after knowing the attraction at the 

surface. For example. Find the value of the attraction of 

the earth, at the distance of D from its center; r heing the 

radius of the earth, and g the grayjty at the surface; put x 

to represent the attraction sought. Then hy the theory, 

As g and t are constant quantities, the variations to x will 
correspond entirely to the yaiiations of ])", We shall often 
refer to this equation. 
AuBsprcs- (156.) As every partjole of matter in the universe at- 
sion fur ihe tracts Gvery other particle, therefore the moon attracts the 
itaciion of e^"^^ as well aa the earth attracts the moon ; and the extent 
[WQ boflim. by which they will drmn topetker, depends on their vmiual at- 
traction. K m represents the mass of the moon, and R the 
radius of the lunar orbit ; then, 

E 
The earth will attract the moon by the force ■^. 

The moon will attract the earth by the force -^. 

The two bodies will draw together by the force ■■ . 

If we substitute the value of ^, as found in ( 154), in equa- 

. E 
tion (5 ), and making iJ = i>, then we have the expression ~- 

The spurit of these expressions will be more apparent when 
we make some practical applications of them, as we intend 
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CHAPTER II. 



KEPLER S LAWS- 



HOW A PtiNBIAEY DODY WILL J 



( 157. ) In this chapter we desiga to make some e. 
tiott of Kepler's laws, recapitulating them in order. 

The orhiis of Ike ^^mtels are ellipses, having the sun at "' 
pn« of Iheir foci. 

This law is hut a concise statement of an observed fad, 
which never oonld have been drawn from any other source 
than observation; hut the second law, namely, 

Thai the radius vector of any planet ( conceived to he in mo- 
tion ) sweeps over equal areas in e^al times ia susceptible of 
a ri^d mathematical demonstration, under the following gen- 
eral theorem. 

Any body, beivg in moUon, and eonstarUly. urged touiari any 
fixed pmnt, woi in a line vnik its mo^on, must describe eqml 
areas in egualtijrws round that point. 

Let a mo^ng 
body he at A, 
having a veloci- 
ty which would ^ 
carry it to B, 
say in one sec- 
ond of time. By 
Ike law of iner- 
tia, it would 
move from B to 
C, an equal dis- ' 
:ance, in the neSt second of time. But during this second 
nterva! of time, let us suppose it must obey an impulse or 
ftom the point S, sufficient to carry it to J). It must 
;hen, by the composition of forces explained in natural phi- 
losophy, describe the diagonal B E, of t 
BDEO. 
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Now in the first interval of time, we auppoBed the ffloving 
body deacribed the triangle SAB, The second interval, it 
would have deserifoed the ttiangle. 3 £ C,if undisturbed by 
any force at S, hut hy such a foreo It describes the triangle 
S B E\ but the triangle S B E '& equal to the triangle 
S B 0, becaaae they have the same dose S £, and lie between 
the parallels S £ and H C. AIho the triangle S B Ci& 
ec[ufll to the ttiangle SAB, becanBe they terminate in the 
Bame point S, and have eciualhaaes A B and £ C. There- 
fore the triangle S A B ia eijuaJ to the triangle S B E, be- 
cause they are both oijual to the triangle SBC; that is, the 
moving body describes eijual nrtas in ec[ual times abotit the 
point S, and this is entirely independent of the nature of the 
force at S; it may be directly or inversely as the distance, oi 
as the BC[uard of the distance, 
on- The converse of this theorem iS, that when a body deaotibeS 
"■* equal areas in ec^nal times round any point, the body is con- 
stantly urged tmearU that pwnt; and therefore as the planets 
are observed to describe equal areas in equal times round the 
suni their tendency is toward thB sun, and kW toward any 
otltet point iHthin the orbits. 
«', (158.) The third law of Kepler is moat important of all, 
''"" namely — The squares qf the lilies of revolvtim are to iiack 
^^_ olhm- its the cubes of the distances fiVm tJm sun. By this hM 
is it is proved, that it is the same force which lirges all the 
" planets to the same point, and that its intensity is inversely as 
ice. the Square of the diattince from that point ( the center of the 
sUn ), confirming the Newtonian theory of gravity. 

Fig. 30. To show this, lot us suppose that the 

pliinets revolve round the sun in circular 
orbits ( wliich is not far from the truth), 
and lot P ( Fig. 30 ) re^ireBent the posi- 
\ tion of a planet ; F the distance which 
/ the planet is drawn froiW a tangent during 
mity of titne; in the same time that it 
_ describea the indefinite small arc c ; and 

the nomber of times that c is contained in the whole eircum- 
ferenee, So many units of time, then, must be lu one revolution; 
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If iJ is the diameter of the orbit and I the time of revolu- '^''"- ^ - 
tion, then will 

.=tf. ... (1) 

80 for any other planet. If/ is the force urging it toward ah impoi- 
the sun, aits corresponding are^ 2' its time of revolution, and **"'*"'**** 
li the radius of its orhit; then, reaaoning as heforc* 
_ 2f^S 



(2) 



By comparing ( 1 ) and ( 2 ) we have 



By comparing the two last proportions, and observing thai 
!r may he put for D, and reducing, we have 



But by the well-tnown property of the circle, wS hSve 

F : c :: c : 2r; or, c= =2rl'. 
In like mannei*, , . . . «= = 2 Rf. 
Substituting these Vtiluee in the last proportion, and redu'' 

Ot. . . Jif : rF :: T : R 

EBTiee, . Ii'f=}'^r; or, F :/ :: Ji= '. rK 

0'. ^'■''"^■■si- 

'that is, the aitradive force of the aun is T'eciprocally pro- 
poHiimal to the square of the distance. 

( 159.) If we oommonee with the hypothesis, that bodies fha aiaoiy 
tend toward a central point with a force inversely proper- of gia"'? 
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"■ '^ - tional to the squares of their distances, and tlien oompnte 
Uh5 of the corresponding times of revolution, we shall find that tht 
KbdIoi's s?"''™^ of the times must he as tlie cubes qf the distances. Hence 
law. Kepler's third law is but the natural mathematical relation 
whioh must exist hetween times and distances among hodiea 
moving freely, in circular orhits, animated bj one central 
force which varies as the inverse square of the distance, 
taqniry. ( 160. ) Having shown that Kepler's third 3aw is but a 
mathematical theorem when the planets move in cii'cles and 
their masses inappreciable in comparison to that of the sun's, 
we now inquire whether the law is true, or only approximately 
true, when the orbits are ellipses, and their masses consid- 
erable, 
answer- On oue of those points of inquiry, the reader musttake our 
assertion; for jta demonstration requires the use of the inte- 
gral calaulm, a method that we designed not to employ in this 
work, Kepler's third law supposes all the force to be in the 
central body, and the planets only moving points. But wo 
have seen in Art. (120) that the attracting force on any 
planet is the mass of both sun and planet divided by the 
square of their mutual distance; and therefore when the 
mass of the planet is appreciable, the force is mcrcased, and 
aisej of the time of revolution a little shortened. But the fact that 
piBiists Kepler's law corresponds so well with other observations 
pinTto proves that the masses of aH the planets are inappreciable 
inn- compared to the mass of the sun. 

Ke ie^> ( 1^1- ) ^^ '° ^^^ "^^^"^ point, we state distinctly that the 
ii»w ma- planets (considered as bodies without masses) revolving in 
laiicniij pj]jpggg ^f gyg,. gQ g^eat ccccntricity , Ihe sgnores of tlie times 
M\t. of revoltition are to each other as the cubes of half the greater 
axes of the orbits. 

We shall not attempt a demonstration of this truth ; but 
hope the following explanation will give the reader a clear 
view of the subject. 

Bodies revolving in ellipses round one of tho foci, may be 
considered to have a rising and a falling motion; something 
like the motion of a pondulum. The motion of a pendalum 
depends on the farce of graviiy, the length of the pendnliun. 
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and the diatanoe the pendulum was first drawn aside. The CH^r. 
motion of a planet depends on the fvrce of gravity, its mean 
distance from the sun, and the original impulse first given to a com 
it. Most persona, who have not inveatigated this suhjoct, ^ofof' 
imagina that each planet must originally have had precisely 
the impulae it did hav« to maintain itself in its orhit; and so 
it must, to maintain itself in just that definito orhit in which 
it moves. Bvi had th^ origituA impulse been different, ekker as 
io amoujit or dkeelum, or as to bolh, then byihe action of grmtt^ 
and imrlia, the planet mmld have fouml a cwreiponding orUt. 

(162.) The force of gravity, from the action of any attract- Eiao 
ing hody, is always as the maasof the hody divided hy Ike sguare "™ "^ 
of Us disUmce. Algehraicallj, if Mia the maaa of the body, motion! 
r its distance, and F the force at that distance, then (see 118) ""iptio ' 

we have - - - ~=P. (See Fig. 28.) 

Now if the planet has such a velocity, c, as to correspond 
with the proportion F : c : : c : 2r, 



c=,^2rife=^ — , and that velocity at 



Or, - - 

right angles to r (Fig- 28), then the planet's orbit would be a 
circle, with the radius r. If the velocity had been less in 
(MKtwnitliaB this espresMon, and still at right angles to ivthen 
the planet would fall within the circle, and the action of gra- 
vity would increase the motion of the planet ; and the motion 
would increase ,^08(6/ than the increased action of gravity; 
there would hea point, then, where the motion would be sufficient f^f^^^ 
to maintain the planet in a circle, at its ^ewt/istojce/ but the i«s» 
Siredum of the motion will not permit the planet to run into ^^j^. 
tke circle, and it must fall within it. 

The motion continues to increase until its position becomes 
at right angles to the radius vector ; the motion is then as 
much more than st^cteni to maintain the planet in a circle, 
as it was insufficient in the first instance; it therefore nses, 
by the law of inertia, and returns to the original point J^, 
whore it wil! have the same velocity as before ; and thus the 
[ilanet vihrf^es between two extreme distaneea. 
12 
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If the velocity, on starting from the point P, we?e ^&^ 
id much leas than sufficient to myntam a circle, at that distanoej 
'"then the orbit it woulc! take would be vorj eceentrio, ancS 
,0. its mean diatanoe maoh less than r. If the original velocity 
'* at P v/GK greater than to maintain it in a circle, it woaldi 
"' pass ontaide of thia circle, and the point P would he the pei-f' 
helion pmnt of the orbit- 

ThuB, we pei^eive, tha6 She eccentricity of orbits and mean 
distances ifom the sua depend on the amount and direction 
of the original impufee,^ or velocity which the planet has in 
some way ohiained; awrf ii is mit necessary that the planel 
should have any d^t^ knpulsef either in omwmii tyr direction, to 
Wiove in an ortnttif the ^recHen ie not dtrecSy to or from, tfie sun. 
e- (163.) For a more deinite esplanation of this subject, leS 
MS conceive a planoE founehe^ out into space with a velocity 
sufficient to maintain it in a eirelo at the dietanoe it then hap- 
pened to be, bnt the direction of such velocity not at liffhf 
(tngles to the sun, then the orbit wS he elliptical, and the 
degree of ecoentrfoity Will depend on the direction of the 
motion ; but the long^ taia of Ihe orhit will be eq^ual to the' 
diameter of the circle; to whssh its velocity corresponds ; aniJ 
the fiiire ef its revolution will be 
*he same, whether the orbit is- 
circular or more or less elliptical. 
Let P (Fig- 31) be the posi- 
tion of a planet, S the sun ; an<£ 
he velocity, a, be just auffi- 
t cient to maaa^ain the planet iii 
I a circle, if it were at right angle* 
|toSA 

Now to find the orhHJ that this' 
I planet woUld' describe, draw the 
f line P G at right angles' to a, 
and from S let fall a, perpendi- 
cular on PC; SO wiU he thef 
entricity of the orbit, and PC 
. be the half of its conjugate' 
aids; and with these lines the' whole oiBitis knotm. 



Fig. 31. 
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(164.) Kowlot us suppose that a planet is rather corAssiy 0"^- " ■ 
launched into spaee, with a velocity neither at right angles to Pianeu 
Ihe sun, nor of sufficient amount to maintain it in a circle, at "^^.,^"^,^^1 
that diatanee from the sun. ever be the 

Let P (Fig. 32) represent the 
position of the planet, a tho 
amount and direction of its kap- 
hamrd yelocitj during the first 
unit of time. The dnectioa of 
the motion being within a right 
angle to 8P, the action of gra' 
vity increases 
the velocity x>r\ 
of the planet, ^^ 
on the same 

principle that a falling body In- 
creases in velocity ; and the planet 
goes on in a curve, describing equal 
areas in equal times round the point 
S; and it wiU find a point, p, where 
its increased velocity will be just 

Cijual to the teloeity in a circle whose radius is the ditninished 
distance Sp. l?rom the point p, and at right angles to a, 
draw p 0, &c., fotmiog the fight angled triangle p C S. S C 
VI the eeeentrfoity, 5 a the mean distance and p half the 
conjugate asb of the orbit 

If the planet is launched into space in the other direction Tiie oiHii 
the action of gravity will diminish it^ motion and will bring ^„^°i „^ 
it at right angles to the line jcmmg the sun, it is then at its eachsHeot 
apogee, with a motion too feeble to maintain a circle at thit "p^"' ™^ 
distance ; and it will, of course, approach nearer and nearer 
to the Bon by the same laws of motion and force that it receded 
from the sun; hence the cufve on each Side of the apogee 
will be symmetrical ; and the same reasoning mil apply to the 
our*e on each aide of the perigee ; ti-nd, in short, we shall 
have an ellipse. 

To Bum up the whole matter, it la found by a strict esami- . ^° '"■'^ 
uatiou of the laws Qi gravity, wotmi, and inertia, that whatever jhm. 
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■ may be the primary foree and direction given to a planetary 
tody { if not directly to or from the sua), the planet wUlJind 
a corresponding orbit, of a greater or leas ecoen&idly, and of a 
greater or less wean, distance; cmd whatever be tk4 eccenlrkilt/ 
of the orbit, the real velocUy, at the extrani^ of the shorter axis, 
vM be just sufficient to mcdrUmn theploMl wi a drcidw orbit, at 
thai mean distance fromthe swi,* 

'f * Let S be tbe sun, and P the position of a planet as repre- 
sented in the annexed figure, and we may now suppose it to 

ds hurat into fragments, the figure representing three fragments 
only ; the Telocity and dirootioB of one represented by a ; of 
another hy S, and of a third hy c, Sto. 
Fig. 33. 




As action is just equal to reaction, under a] 

therefore the bursting of a planet can give the whole mass no 

additional velocity ; a small mass may he blown off at a great 

velocity, but there will be an equal reaction on other masses, 

On ^e ju j.[jg uppogite direction, 

iMBt, the The whole might simply burst into about equal parts, and 

agment! jj^gj^ t^jgy would but separate, and all the parts move along 

iMi! con^ ^ *^^ ^^^^ general direction, and with the same aggregate 

pooaing to velocity as the original planet. The bursting of a rociet is 

Mand'^i a very minute, but a very faithful representation o( such an 

ou. ezplosion. 
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( 165.) To see whether Kepler's third law applies to ellipses, i 
we represent half the greater axis of any ellipse bj A, and 
half the shorter axis hy B, and then (3.1416)^5 is the area "■ 
■of the ellipse. Also, let a represent the vebeitj or distance ^ 

— — ■ — — — — — -^ — " el 

If the velocities of the several fragments were eijnal, the v~ 
times of their revolntions wotJd be ec[ua! ; but the eoeentri- "'' 
cities of the several orbits would depend on the angles of a, 
J, c, &c., with SP. If a is at right angles to S P, and just 
suf&cient to maintain the planet in a circle at that distance, 
then its orbit wonJd have no eccentricity. If still at right 
angles, but not sufficient to maintain a circle at that distance, 
then SP wonld be the greatest radius of the orbit. Hence, 
we perceive, there is an abundance of room to have a multi- 
tude of orbits passing through the same point, during the 
first one or two revolutions; and the times of such revolu- 
tions may be equal, or very unequal. In short, there U no 
physical impossibU^ to he urged against the theory of Dr. 
Olbera, that the asteroids are but fragments of a planet. 

The objection is (if an objection it can be called) (hat 
these planets havo not, in feet, a common node, nor have an 
approximation to one ; nor have they an approximation to a 
common radius vector, as S P. But the ohjeetion vanishes 
when we consider that the elements of the different orbits 
must be variable ; and time, a sujicieni length qf time, would 
separate the nodes and change the positions of the orbits so 
as to hide the common origin, as is now the case. 

But if it be true that these planctis once had a common 
origin in one large planet, it is possible to find the variable 
nature of the elements of their orbits to such a degree of 
exactness as to trace them back to that origin — define the 
place where, and the time when, the separation must have 
occurred. 

If, however, a planet should hurst at one time, and after- 
ward one or more of the fragments burst, there could be no 
tracing to a common origin ; hence it is possible that the 
aEteroida in question may have a, common origin, and it be 
wholly beyond the power of man to show it. 
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Ch«. h. that the planet will move in a unit of ttm^ whoa at the ex- 
tremity of its shorter asis ; then ^aB wiD express the area 
described in that unit of time. 

But as equal areas are desorihed in eijual times, as often 
as this area is contained in the whole ellipse will ha the num- 
ber of such units ia a revolution. Put i= that number, or 
the time of revolution ; then 

(3.1416 )^.5 2(3.1416)^ 
'- iaB = a ~- 

Let A' and B' he the semiases of any other eilipse; a' the 
velocity at the extremity of B', and t! the time of revolution; 

By comparing these eciuations, and rejecting common fac- 
tors, we have - I t t' t : — : -T' 

ButbyArt. 162, a=^^ and a'='P§ 

M mass of sun) ; and putting the values of a and a', in the 
ahove proportion, we have 

Or, - - t : t' :: aJA : A' J A'. 

By squaring != : l'^ i: A^ . : A'^ ; which is 

Kepler's third law. 
EoDBDirici- (166.) We have seen, in articles 163 and 164, that the 
Tm r ** ecoentricity of an orhit depends on the direction of the motion 
bin nhuge '<> the radius vector, when the planet is at mean distance. If 
by their mu- that direction is at right angles to the radius vector at that 
jl„j, time, then the eccentricity is nothing. If its direction is very 

aonte, then the eccentricity is very great, &o. 

Now suppose another planet to he .situated at B (Fig. 32) ; 

its attraction on the planet, passing along ia the orhit pa, is 

to give the velocity, a, a direction more at right angles to 
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iSp, and thus to dimlnisli the eoeentricity of tie orbit. If CHif.n. 
tlie disturliing body, B, were anywhere near the line C S, its The mean 
tendency would be to increaeo the eccentricity; and thus, in ^'etanBesne. 
general, A disiurhing hody near a line of the skoHer axes of 
(wi orbit, has a ImideTM^ to diminisA the eccetiinmiy of the orhii 
of the disturbed body ; tmd, a^iakere near a lim of Me greater 
taas, has a tendency io increaie the ecce^riciiy. Hence the 
eccentrJMtieB of the planets change in eonseq^uence of theif 
mutual attractions; but their m^am distances never ekcaige. 

(167.) As the time of revolution is always the same for 
the same mean, distance, whatever be the eccentricity of the 
orbit, therefore if we conceive a planet to turn into an infi- 
nitely eccentric orbit, and fell directly to the ma, the time of 
such fall would be h/df a revolution, in an orbit of half its 
present meaa tlistance, as we perceive, by inspecting Fig. 34. 

Hence, by Kepler's third law, we can compute the „, „ . The jnis- 
tinie that would be required for any planet to fall to ' 

the sun. Let x represent the time a p!bnet would 
revolve in this new and inftnitdy eccentric orbit; then, 
by Kepler's law, 



Therefore baif of the revolution, or simply the time 

of the fall must be expressed by — — =, or, ■ — ^ ; 

that is, to Snd the (ime in wbieb any planet would 
fell to the sun, if simply abandoned to its gravity, or the time 
in which any secondary planet would fdl to its primary, divide 
Us time of revoliilion in/ few times the square root of two. 
By applying this rule, we find that 

Days. h. m. 

Mercury would fall to the ann in 15 13 13 

Venn 39 17 19 

Earlh, 64 J3 39 

MacH, lai 10 36 

Jupiter, 765 21 36 

Satnrm, 1901 23 24 

Uianoa, 5494 16 52 

The KSOOH would fall to the earth in 4d. 19 h. 54m. ,36 g. 



for the plan- 

y 
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CHAPTER III. 

MASSES OF THE Ml — BEN IBS — R S 



CHIP. III. ( 16^ ) Ip th th t d n tt it woulc! 

attract with g t f d f th h greater 

Enied by ai- power of att t tha th th t b t contains 

UMtion. more mall th n tb rth a d th f f w find tie 

relative 1 gr f ttr ti b tw tw b d we have 
their relative maases of matter. 

If the earth and aun have the same amount of matter, they 
will attract equally at equal distances. Let J/be the mass 
of the aun, and H the mass of the earth, then ( at the aame 
unit of distance), the aitraciion of the sun is, to the oitraetion of 
the earth, as Mto E. 

But attraction is inversely aa the square of the distance. 

M 

Hence the attraction of the eon at D distance, ia -jr^ ; and 

E 
the attraction of the earth at R distance is -p^. 

Grsvity of The earth ia made to deviate from a taagent of its orbit 
"" *"" '' by the attraction of the sun ; and the moon is made to deviate 
ihs'" dBvia- from a tangent of its orbit by the attraction of the earth, and 
lion of iho tije amount of these deviations will give the reapeetive 
jjmf j^ amonnta of aolar and terrestrial gravity, 
oiiiii. If we take any small period of time, as a minuto or a sec- 

ond, and compute the versed aine of the are which the earth 
describes in its orbit during that time, such a quantity will 
express the sun's attraction; and if we compute the versed 
sine of the arc which the moon describes in the same time, 
that quantity will express the attraction of the earth, 
HowtoMm- j^ Figure 30, Art. 158, J* represents the versed sine of an 
pitsti™ ^^''t ^"^^ "^ ^^ '^^^ -^ '^ represent the mean distanoe be- 
masass of fto twccn the earth and sun, and consider the orbit a circle 
""'°''*""'' (aa we may without error, 164), the whole eircumferenee ia 
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n-i) (ir= 6.2832). Divide the whole circumference'by the Cnip-in. 
nimiber of minutes in a revoSution ; say T, and the c[uotieiit 
will represent the are a (T'ig. 30 ). When T je verj small, 
and of coarse a very small, the chord and arc practically coin- 
cide ; and by the well known property of the circle, we have 

2I> : a::a: F; Or, -f=^. ■ (1) 

But a = -jri tenoe, o= = ■~^-, and ^= ^^ ; 

That is, .?■= ^^ri> which is an expression for the sun's 

M 
attraction at the distance of the earth. But -j^ is also an 

for the sun's attraction at the same distance ; 



therefore, ^~'2T''' ^^' ^^22^' 

In the same manner, if B represents the radius of the lunar 
orbit; t the number of minutes in the revolution of the 
moou; the mass of the central attracting body ( in this case 
the earth ) must be esuressed by 



Therefore, E : M :: jy ■■ i^- 

This proportion gives a relation between the masses of the 
earth aad sun expressed in hwim guantilies. 

If we assume unity for the maes of the earth, we shall 
have for the mass of the sun, 

(169.) This is a very general equation, for i> may repre- xheg 
sent the radius of the earth's orbit, or the orbit of Jupiter or "pp'ioa 
Saturn, and TviHl be the corresponding time of revolution. ^^^^^ 
Also R may represent the radius of the lunar orbit, or the 



(^) 
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Chap. HI. orbit of one of Jupiter's or Saturn's moons, and then i wilJ 

be its corresponding time of revolution. 
TherasuUs This equation, however, is not' one of strict accuracy, as 
of die eiioa- [1,0 (Jjgtanoe a planet falls from the tangent of its orhit, in a 

to™pTrfe"o'v , „ . „ . . , -^ , Jf+-S 

aciraiaie.and ^s™'*" Diomeiit of time, IS not, accurately ^-, out — ■ 

why? 

( see 156 ), S being the mass of the planet. The force 
which retains a moon in its orbit is not only the attracting 
maas of the central body, hut that of the moon also. But 
the planets being very small *in relation to the sun, and ia 
general the masses of satellites being very small in respect to 
their primaries, the errors in using this equation will in gen- 
eral be yery small. The error will be greatest in obtaining 

ft" equation the mass of the earth, as in that ease the equation involves 

(A'- the periodic time of the moon; which period is different from 

what it would be were the moon governed by the attraction 
of the earth alone ; but the mass of the moon is no ineonaid- 
erahle part of the entire mass of both earth and moon; and 
also the attraction of the sun on the combined mass of the 
earth and moon, prolongs the moon's periodical time by about 
its 179th part. 

With these corrections the equation will give the mass of 
the sun to a great degree of accuracy; hut we can determine 
the mass of the sun by the following method : 
AmoiBao- I'rom Art. 155, we learn that the attraction of the earth 

"™" •qui- /»■= \ 

""■ at the distance to the sun, is ff[j-^). 

By Art. 168, we have just seen that the attraction of the 



Takmg the mass of the earth as unity, we have 
Equation (B) is more accurate than equation (_A), 
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because ( 5) does not inyolve the periodioaJ revolution of the Chi 
moon, wliioli reqxiires oorreetion to free it from tlie effects of 
the sun's attraction. To obtaia a numerical expression for Hi'v 
the mass of the sun, M, the numerator and denominator of the ^^^^^^.^ 
right hand member of equation ( -B ) must be rendered homo- aun. 
geneous; and as g, the force of gravity of the earth, is ex- 
pressed in feet ( oorresponding to T in seconds ), therefore r 
the mean radius of the earth, and D the diatance to the sun, 
must be expressed in feet. But from the sun's horizontal 
parallax, wo have the ratio between r and J) (see 127), 
which gives J5 = 23984?-. 

But to ex- 



press the whole in numbers, we must give each sjmbol its 
value ; that is, i^ = 6.2832 ; r = ( 8956 ) ( 6280 y,g= 16.1 ; 
2"=: 31558150, the number of seconds in a sidereal jear. 
Therefore M~ (6-2832)^(23984)H3956)(5 280) 
ineretore, jH_ (32. 2) (31558 150)= 

It would b di us ay this out, aritbmeticaily, An e.a 

■mthout h d f 1 g hm and accordingly we give the ''^''""'i 
logarithm al lu hus QfiD-«i 

6.28o2 log. 0./9&1j8x- ■ • • 1.596356 

23.984 log. 4.380000x3 . . 13.140000 

3956 log. 3 .5972.56 



S .722632 



Logarithm of the numerator, , . .22 .056244 

82.2 log. 1 .507856 : 

31658150 log. 7.499114X2 . . . 14.998228 j^; 

Logarithm of the denominator, , . 16 .506084 

Therefore M= 354945, whose log. is 6 .650160 

That is, the mass or force of attraction in the sun is 
354945 times the mass or attraction of the earth. La Place 
12 
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the mass of a pi t 

Equation ( .^) g ral d alth ugh n t ur t wh 
applied to the e th 1 ffi tly wh [!■' ^ 

to finding the m E J i t S tur U b 

these planets are so remote from the sun, that the revolutions 
of their satellites are not traiMed by the sun's attraction. 
Tofindtto (170.) To find the mass of Jupiter (or which is the 
asiBsofju- giyjjg thing, the mass of the sun when Jupiter is taken as 
id Uranus. Unity), we conceive the earth to he a moon revolving about the 
sun, and compare it with one of Jupiter's satellites revolving 
round that body. To apply equation {A), let the radius of the 
earth equal imUy, then the radius of Jupiter must be 11.11 
(Art, 131 ); and as observation shows the radius of Jupiter's 
4th satellite is 26,9983 times its equatorial radius, therefore 
the distance from the center of Jupiter to the orbit of its 
4th satellite, must be the foUowing product (11.11) (26.9983), 
which corresponds to R in the equation. i) = 23984; 
7"= 365.256; ?= 16.6888. 

Therefore, by applying equation {A), {M-- 



have M= 



(16.6 



- (365.256)2(11.11)3(26 .9983)3- 
By logarithms 16.6888 log. 1.222410x2 . 2.444820 
23984 log. 4 .380000x3 - 13 .140000 
Logarithm of the numerator, . 15. 584820 
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)6, log. 2.562600x2 .5.125200 Cmr. 

11.11, log. 1.045714x3 .3.137142 

26.9983, log. 1 .431320X3 . 4 .293960 

Logaritlim of the denominator, . . 12 .556302 

Therefore jy"= 1068*, log. . . . 3.028518 

Tliis result shows that the mass of the sun is 1068 times 
the maaa of Jupiter ; but wo proTionsly found the mass of 
the sun to he 354945 times the mass of the earth, and if 
unity is taken for the mass of the earth, and J for the mass 
of Jupiter, we shall have 

1068/= 354945; 
■because each member of this equation is equal to the mass 
of the sun. 

By dividing both members of this equation by 1068, we The ma 
find the mass of Jupiter to be 332 times that of the earth ; "J""i, 
but in Art. 132, we found the hdl of Jupiter to be 1260 of*«f 
times the balk of the earth ; therefore the density of Jupiter 
is much less than the density of the earth. 

In the same manner we may find the masses of Saturn and xhe „ 
Uranus — the former is 105.6 times, and the latter 18.2 "f ^ 
times the mass of the earth. '"* "' 

The principles embraced ia equation {^A") apply only to 
those planets that have satellites; for it is by the rapid or 
slow motion of such satellites that we determine the amount 
of the attractive force of the planet. 

In short, the masses of those placets which have satellites, whs 
are known to great accuracy; bat the results attached to =°''"° 
others in table IV, must be regarded as near approximations, accmat 

The slight variations which the earth's motion esperiences Their 
by the attractions of Venus and Mars, are sufficiently senai- 5^^,, 
ble to make known the masses of these planets; and M. Meteor 
Burckhardt gives j^sa^T ^"'^ Venus, and ^sTa aair f^f M'"^ 
(the mass of the sun being unity). Mercury he put down at 

*This !s a correct reault according to tlieao data; but more modem 
obeeiVBtiona, in relation to tha mierometic measure of Jupiter, and 
the diatance of his satellites) ^ve results a little different, as expressed 
in table IV. 
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Ill 5T5)8Toi l"^' *1^^ result ia little more than hjpotlietlca], 

"" as it is drawn from its volume, on tbe supposition that the 

densities of the planets are reoiprocal to their mean distances 

from the Hun; which is nearly true for Venus, the earth, and 

Mars. 

IS of {171.) It may he aatonishing, but it is nevertheless true, 

r|,ar- that hy means of equations { A ) and [B') m ean find the 

*' dmmelsr cjf ike eaiik to a greater degree of esaetness than by 

, gf any one actual, measurement. 

ii- Wo have sorera) times observed that ei^uation ( j1) is not 
accurate when used to find the masses of the earth and suti, 
because it contained the time of the (evolution of the moon; 
which revelation is acttl^tdei by the gravity of the moon, attd 
tdar4ed by the action of the sun. 

Therefore, to maie equation ( A ) a*?curately express the 
mass of the sun, the element t^ requires two corrections, 
which will be determined hy subsequent investigation. The 
flrat is an increase of ij-'jth part ; the second is a diminution 
of j^jth part,°'and both Ooi'rectionS will be made if we take 

^g:^g<Mn place of i^ 

'•BOB Then having two correct espreasinns for the mass of the 
6Un, those two espressioos must equal each othet ; that is, 
76'358^^D^ _^ ^^P-' 

By suppressing common factors, we have 

Ih-Zh^ R"'^ 23f^' 
tn this equation r ropresents the mean radius of the earthj 
and we will suppose it unknown; the equation will then 
make it tnovm. 

The relation between fi, the mean tadius of the lunar of- 

bit, and *•, the mean radius of the earth, ia given by means 

of the moon's horizontal parallax. 

^ The moon's egWittoWo? horizontal parallax, a9 we have seenj 

: and (65) is 57' 3"; but the horizontal pdrall&x iot the mean la^ 
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dins, IS 56' 57"; this makes fi = ( 60.36 ) r, whatever tho chap. ui, 
aumerical value of r may be. Put this value of & in the ^^^^ j^^^^j, 
preceding equatioiij and suppresa the common factor j*^, loniai parai. 
76-358 <= _ «■» 



we then have 
Therefore, 



75-359 ( 60,36 )'r V 
2^-76:358(3 



75'359C60.36)^ 
iisgia expressed in festi and 
the numerical value of f will be in feet, which divided hy '" "^ 
6280, the Dumher of feet In a mile) will give the number of 
miles in the mean radius or tacaii aemidi^meter of the earth; 
and by applying the preceding equation, giving g, t, and a-, theil 
proper Values ; and by the help of logarithms, we readily find 
r = 3953 miJes ; only ihred miles from the most approved 
tesult; and we do not hesitate to say, that thia result is more 
to ho relied upon than any other. 

MASS Off She MOok. 

(172.) Approximations to the mass of the iHoon have ibt 
been determined, from time to time, by careful obsei-vationf! "^^ 
On the tides ; hut it is in vain to look for mathematical re- ^f^^ 
Suits from this source ; for it is impossible to decide whether fwi" 
any particular tide has been accelerated or retarded, aug- ^^'^ 
ftionted or diminished, hy the vrfnds and weather; and if not 
affected at the place of observation, it might have been at 
temote distances; but notwithstanding this objection, the 
Mass of the nloon can be pretty accurately determined by 
means of the tidea, owing to the great ntmber and variety 
of observations that cad be brought into the account; and 
We shall give an eipo^tion of this deduction hereafter ; but 
at present we shall confine oUr attention to the following 
simple and elegant method of obtaining the same result. 

If the moon had no mass ; that ia, if it Were a mere mate- 
rial point, and was not disturbed by the attraction of thti 
Sun, then the distance that the rooon Would fall from a tan- 
gent of its orbit, in one BCoond of time, Wotdd be just ecinai 
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to — . (Art. 155. ) In this espression.j', r, and S, repre- 

sect the same quantities as in the last article. The dis- 
tance that the moon aetuallj falls from a tangent of its orhit, 
in ono aecond of time, is ecjual to the versed sine of the arc it 
desciibes in that time, and the analytical espression for it is 
found thus : 

Let B- J2 represent the circumference of the lunar orbit, and if 
( is put for the number of seconds in a mean revolution, then 

. — represents the arc corresponding to the moon's motion in 

OBC second [Fig. 30), and as this so nearlj coincides with 
a chord, we have 



«'■ Hence, we perceive, that -t: — is the distance that the 
the 2 ;= 

";° moon would fall from the tangent of its orbit in one second 

ond of time, if it were undisturbed by the action of the sun; but 

we can free it from such action by multiplying it by ^^, 

as we shall show in a subsequent chapter. That is, the 
attraction of both the earth and moon, at the distance of the 



lunar orbit, is 



859'r!'.S 



' 358-2 ("■ 
But the attraction of the earth alone, at the 



- ; and comparing thes 
r»l expressions in Art. 156, 
_?_ ^+^ 

By suppressing the 
couplet, and calling Ji, the 
portion reduces to 



! distance, 
ciuantities with the more gene- 



denominator, in the &st 
of the earth, unity, the pro- 
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Aa in the last article, -B=(60.36}r, and this value put for °f^ 
^', and reduced, gives 



1+™ ■■■■ s 



388-2(2 



Therefor.,- - 1+"= gss-a,./ ■ 

This fraction, aa well as the one in the last article, can be 
reduced arithmetically; but the operation would be too 
tedious;- they are both readily reduced by logarithms, by 
which we found l+m=1.01301; henee m=.01301, which 
is a little greater than f\ih. Lapiace says ^jth of the earth g, 
is the true mass of the moon ; and this value we shall use. p' 

HHH DENSITIES OE BODIES. 

("173.) The density of a body is only a comparative term, 
and to find the comparison, some one body must be taken aa *^ 
the standard of measure. The earth is generally taken for 
that standard. 

It is an axiom, in philosophy, that the same mass, in a 
smaller volume, must be greater in density; and larger in 
volume, must be less in density ; and, in short, the density 
must be directly proportional to the mass, and inversely pro- 
portional to the volume; and if the earth is taken for unity 
in mass, and unity in volume, then it will be unity in density 
also ; and the density of any other planetary body will be its 
tnass divided h/ its volwne; and if its volume is not ^ven, the 
density may be found by the following proportion, in which 
d represents the density sought, and r the radius of the body; 
the radius of the earth ieing wmty. The proportion is drawn 
from the consideration that spheres are to one another as the 
cubes of their radii. 



1 



1 : d; hence d=— 



From this equation we readily find the density of the sun, 
for we have its mass (354945), and its semidiameter 111.6 f, 
times tbe semidiameter of the earth (Art. 156) ; therefore its « 
13 
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CH^p.in. , , , 354945 
density must be ■ — = 

iphiMs com- QlXJ-.O^' 

pared 10 the [jjg ^g^sily of the earth. 

ihe eaith. The rtiass of Jupiter is 332 tiibes that of the earth, and its 

volume J3 1260 times the volume of the earth ; therefore the 

density of Jupiter 

than the density of the sun.- 
Densiiiea The mass of the moon is ^^, and itsvolume jV- thereforeitS 
Moo/fcu'*' clensityis ^ divided by ^V* "'^ 4f=0.6533; about | the den- 
sity of the earth. 

From these examples the reader will understand how thef 
densities were found, as expressed in tahle IV. 

GUAYITt ON THB STmrACB OE SPHEKES. 

Grivityon (174.) The gravity on the snrfaee of a sphere depends on 

lf°the"<iihDi *''^ '^''^^ ""^^ volame. The attraction on the surface of a 

l>ianeti, bon> Sphere is the same as if its whole mass were collected at its 

'""^•^ center; and the greater the distance from the Center to the 

surface, the loss the attraction, in ptoportioa to the sqimre of 

the distance : hut here, as in the last article, some one sphere 

must he taken for the unit, and wc take the earth, as before. 

The mass of the sun is 354945, and the distance from its 

center to its Surface is 111.6 times the seinidiameter of the 

earth; therefore a pound, on the surface of the earth, is to 

the pressure of the same mass, if it wore on the surface of 

1 354945 

the sun, as - to ■ , , or as 1 to 28 nearly. That 

is, one pound on the surface of the earth Wonid be nearly 28 
pounds on the surface of the sun, if transported thither. 

The mass of Jupiter is 332, and its radius, compared to 
that of the earth, is 11.1 (Art. 131) ; therefore one pound, oil 

the surface of the earth. Would he ■ j yVa ' ^^ ^-^^ ponncU on 
the surface of Jupiter; and by the same principle, we can 
compute the pressure on the surface of any other planet. 
Results will be found in table IV. 
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CHAPTER IV. 

OP THH TilRBE BODIES. HH 

(175.) By the theory of universal graTitation, every body in ' ^"'f- n' . 
the nniverae attracts every other body, ia propMtioa to its Thethemj 
mass; and inversely as the square of its distance ; bnt simple " ^™" '^' 
and nnexcoptionable as the law really is, it produces very eom- 
plicated results, in the motions of the heavenly bodies. 

J£ there were -but two bodies in the universe, their motions t^b "oni- 
wonld be eomparatively sieiple, and easily traced, for they ' °""^ " 
would either fell together or circulate around each other in 
some one underiating curve; but as it is, when two bodies 
circulate areund each other, every other body causes a devia- 
tion or vibration from that primary curve that they would 
otherwise have. 

The final result of a multitude of conflicting motions can- 
not be ascertained by oonsidering the whole in mjss ; we must 
take the disturbance of one body at a time, and settle upon 
its results; then auotber and another, «n4 bo ok; and the sum 
of the results will be the final result sought. 

Wo, thon, eoiisider two bodies in motion disturbed by a The r'oii- 
tbird body; stud to find all its results, in general terms, 'S^^w-"* 
the famoun problem of "the three bodies;" but its complete 
solution surpasses the power of anRlysi8,-and the most skillful 
mathematician is obliged to contait himself with approxi- 
mations and special cases. Happily, however, the masses of 
most of the planets are so small in comparison with the mass 
of the sun, and their distaoces so great, that their influences 



We shall make no attempt to give minute results', but we 
hope to show general principles in such a manner, that the 
reader may comprehend the common inequalities of planetary 



Let m, Fig. 35, be the position of a body circulating around 
fuiother body A, moving in the direction PmB, and dis- " 
tmbed by the attraction of soiae distant body i>. 
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We now propose to show aome of 
tte most general effects of the ac- 
tion of D, vAlkout jtaying tite least re- 
gard to qvantUy. 

If A and vn, were equally at- 
tracted by JD, and the attiaotion 
exerted in parallel lines, then i>woiild 
not disturb the mutual relations of 
A and m. But while m is nearer to 
I> than A i& to J), it must be more 
strongly atkaoted', and let the line 
wt^iepreseut this excess of dtSracimi. 
Deeon^ose this force (see Nat. Phil.) 
into^two others, mn an^ np, the first 
along the line A m, the- other at ii%ht 
ingles to it. 

The first is a Ufiiyiff force ( called 
by astronKBiers the radial force), 
the other h a fangei^dl force, an^ affects the motion of m. It 
will accelerate the motion of m, while acting with it, from P 
to B; and retard its motion, while acting againat iiC, from B 
to q. 

We must now esamine the effect, when the revolving body 
is at m', a greater distance from D than A is from D, 

Now A is more strongly attracted than m', and t]<,e resuU 
of this unequal attraction is the same as though A were not 
attracted at all, and tn' attracted the other way by ai force 
equal to the difference of the attractions of D on the two 
Bodies A and m'. Let this difference he represented by the 
^e m'p'^and decoHtpose it into two other forces, m' n' and 
»' p', the' feat a ffiffling force, the other the tangental force. 

The' roMomk of this last position may not be perceived by 
every readerjand to such we suggest, that they conceive A 
and m! joined together by an inflesihle liiie A m.', and' both 
A and m' drawn toward i>, hut A drawn a greater dis- 
tance than m'. Then it is pfein that She pssUicm of the line 
A m' will be changed : the angle D Am' wPl become greater, 
and the angle GAm' leas; *lbt is, the mo*ion of m' will lie 
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Hccelerated from Q to (7, Imt from C to P it will Ije re- 'c. 
"tarded. 

In shsTt, the molioR (f m zeSl be accderoied when, moving to- i 
Wimi the line BBC, atd retarded while moving from ikxt Une. ^^ 
That is, retarded frem B to Q, accelerated from Q to C, to- „g 
tarded from C to .?■, and again accelerated from F to £. "" 

If we conceive A to be the eaAb, m, the moon, arfd D the *^ 
sun; then DS C hs called the line of the iyzigm, a term 
which means the plane in which conjunctions and oppositions 
take place. At the point B the mo6a falls in conjnnedon with 



thes 



r fuU n 



1, and is new moon ; at the prfnt C it ii 



opposibon, 
Fig. 3«. 



(17tJ. ) Concave a ring of mafterAronnd 
a sphere, as rejffesentcd in Fig. S6, and let 
it be either attached or detached from the 
Sphere, and let D be not in the pJane of the 
Ting. 

From what was explained in the last ar- 
ticle, the partiiAes of matter at m are con- 
■^tantly urged toward the line DJBC, and 
the particles at m' are constantly urged 
toward the aaffle line ; that is, tW at- 
traction of D, on tho ring, has a tendency to 
'diminish its incfoiatioE to the hne SSB C; 
and its position would he changed by such 
attraction from what it would otheirwise be; 
and if the ring is attached to the sphere, the s 
have a slight motion In conseq^uenee of the action on the ring. 

Now there is, in fact, a broad ring attached to the equator- 
ial part cff the earth, ^ving the whole a spheroidal fortti ; and 
the [jfeiHe of the ecLuator is in the plane of th^ ring. 

When the gun or moon is without the jflane of tMs ring, 
that i?j ttithont the plane of the equator, theit attraction baa "' 
a tondeffoy to draw the plaue of the equator toward the at- 
tracting hody, and actaally does so draw it; which motion is 
oaBed mitaiion. How this motion was iliscovered, and its 
amount ascertained, will be elxplainedin^ subsequent chapter. 

<;177.) We-Bsaj conceive the UiM S S C to be in the 




itself wil3 
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of tho ecEptio, D the sun, and the ring around the eartli 
(oon's orbit, inclined to the plane of the ecliptic with an 
angle of ahout five degrees; then when the Bun ia out of the 
plane of the ring, or moon's orhit, the aetion of the sun has 
a constant tendency to bring tho moon into the eoliptio, and 
by this tendency the moon doea fall into tho ecliptic ftom 
either side sooner than it otherwise would. 

The point where the moon falls into the ecliptic is called 
the moon^s node; and by this external action of the sun the 
moon falls into the ecliptic 
from its greatest inclination 
before it describes 90°, and 
goes from node to node be- 
fore it describes 180° — and 
hence we say that the moon's 
nodes fall lackward on the 
ecliptic. The rate of retro- 
gradation is 19° 19' in a year, 
making a whole circle in about 
18.6 years. 

( 178. ) We are now pre- 
pared to be a little more defi- 
nite, and inquire as to the 
amonnt of some of the lunar 
irregularities. 

Let S be the mass of the 
sun, E that of the earth, an^ 
m the moon, situated at D. 
Let a be the mean distance 
between the earth and sun, s 
the distance between the sun 
and moon, and r the mean ra- 
dius of the lunar orbit. Let 
the moon haTC any indefinite 
position in Its orbit. ( It ia 
represented in the figure at D.) 

The attraction of tho sun on the earth is — , the attrao- 
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tion of the sun nn the moon is — ; and the attra«tioii of the — 1— " 
earth and moon, on the moon, is ——-■ ( Art. 156. ) 

Let the line D B, the diagonaJ of the parallelogram AC,\>% 
the attraction of the aun on the moon, and decompose it into 
the two forces D A and D C; the first along the lunar radius 
vector, the other parallel to SE. 

The two triangles C D B and i) S J? are similar, and give 

tho proportion «:«:: CD: DB. But .0-5= —; 



Therefore CD^= — —■ By a similar proportion we find 
„A = '±. 

Let the angle SEJ) be represented by x, then J3 9 will 
be espresaed hy r cos, x, and SB will bo a right lino marly, 
for the angle B SE is never greater than 7'. 

Now if the force B C, which is parallel to SE, is only 
equal to the force of the sun's attraction on the earth, it 
will not distm-b the mutual relations of the earth and moon. 

Tho force of tho sun's attraction on the earth is —^ ; and as this 

must be less than the force of attraction on the moon when 
the moon is at D, conceive it represented by the line Cn, and 
subtracted from CD, will leave Bn the excess of the sun's 
attraction on the two bodies, the earth and the moon; and 
this alone constitutes the disturbing force of the moon's 
motion ; 

Thatis, Bn=CB~Cn~^ j; 

Or Bn ^ aS ( — ), ike dislurhing force. Decom- 
pose this force {Bn") into two others, Dp and pn, by means 
of the right angled triangle Bp n ; the angle p Bn being 
equal io DES, which we represent by x. 
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Whence I>p = Sa(~- — -) cos. a:; 
And pn = Sa(— — — j 'n x 

The force DA^ i. e. ( — ) 1 all d tb 111 u force j 

Bi the force Dp the (McUiiio f Th diff n e f theafl 

two forces ia called the rad If th t 

Sa { -J COS. x J = the radial forco ; pn Js the 

tangental force, 
'" When the angle x is equal to 90°, cob. x = o, SD^SS, 

'^ or 3 = a ; which values, Substituted, give for the value 

of the radial force at the quadratures, and its tendency there 
ia to increase the gtuvity of the moon to the earth. When 
the angle x is zero ( the moon is in conjunction with the sun ) 
the COS. iff =: 1, and the radial force heeomea 

^_Sa_^rS^ S{a~r) Sa 

Sitt at that point ? = (a — r), which value substituted, 

&nd rejecting the comparatively very small quantities in both 

numerator and denominatori we have, for the radial force at 

2rS 
Conjunction, — — . 

When the angle « = 180° ( the moon is in opposition to 
the ann), cos. a = — 1, and the force becomes 
Sa Sa_fS_ S_^ J'(a+f ) 

But at this point z = a -pr, which, substituting as before* 

'2rS 
and we hate for the radial foi^e in opposition — - , the same 



expression as at conjunction* 

If we compare the radial force at the ayzigies with the ex- 
pres^on for it at the quadratures, we shall find it the same 
ia form, hut douUo in amount and oppoaite in sign, showing 
that it is opposite !n oficct. 
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(l79.) Ae the radial force increases tte gravity of the Chap. i 
tnoott to the earth at the quadratures, and dimiuishes it at 
the ayzigies, there must bo points in the orhit symmetrically wheieihe 
Mtuated, in respect to the sjzi^ea, where the radial force ^'"i ^"'"^ 
neither increases nor diminishes the gravity, and of course 
its expression for those points must he zern; and to find How 
these points we must have tbo ecLuation ''"^ '''"" 

*(^-^) ""■'-?=" ■ ■ <') 

By inspecting the figure we perceive that the line SD G 
is in value nearly eijual to the line iS£, and for all points in 
the orbit we have 

Reducing ecjuation ( 1 ), we have 

(<.s^.= )eos.:r = ™^ ... (3) 
Cubing ( 2 ), 

gs = ((3 4;3a^ r eds. x'^ 3a r^ cos. ^ii!+ r' cos. ^a;. 
As *■ is very small in relation to a, the terms containing the 
powers of r, after the first, may he rejected; we then have 

(«=-.= ) ^4:3a^rcos.*. . . (4) 
This value substituted in ( 3 ), and reduced, gives 

__ Result 

-4- 3 COB. ^a; = 1. ,i,e r^. 

Hence cos. x = J\ and x = 54° 44', or the points **""' *' 
are 35" 16' from the quadratures. "nd sjijg 

This shows that at the quadratures, and about 35° on 
each side of them, the gravity of the moon is increased by 
the action of the sun, and at the sjzigies, and about 54" on 
each side of them, the gravity is diminiahed ; and the diminu- 
tion in the one case is double the amount of increase in the Mean 
Other, and by the application of the differential caleulus we "* '" 
learn that the mean result, for the entire revolution, is a dimi- 

rS 
nution whose analytical expression is ^- , an expression 

which holds a very prominent place in the lunar theory; the 
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ij- result of wliieh wo have nsed in Art. 171, and there stated it 
to be j^i-th part of the force that retained the moon ia its 

of But how do we know this to he its numerical value, is a 

^'' very serious inquiry of the critical student? 

"■" The force that retains the moon in its orbit is — ^^^^— 
( Art, 156 ) ; and if the radial force can be rendered kcnrnge- 
Tteoas with this, some numerical ratio must exist between 
them. Let x represent that ratio, and we must find some 
numerieal value for m to satisfy the following equation : 

2«'*~ r^ <^-' 

Therefore m = ^ ^^ ' ' 

calling I!=l, m= ^\ { Art. 172 ), or ^ + m is 1.013. 
S = 354945 (Art. 169), and the relation between the 
mean distance to the sun, and the mean radius of the lunar 
orbit, is 397.3,* therefore 



„^(2. 



= 358; 



354945 

or the coefficient to x, in equation (A), is one three hundredth 
and fifly-^ghth pari of the force which rebuns Ois moon, in ils 

'^- (180.) The mean radial force causes the moon to circu- 
late at a^^jth part greater distance from the earth than it 
otherwise would have, and its periodical revolution is in- 
creased hy its 179th part; hut this would cause no variation 
or irregularity in its distance or angular motion, provided its 
orbit were circular, and the earth and moon always at the 
same mean distance from the sun. 

rS 

sL But we perceive the expression ^ contains two variable 

quantities, r and a, which are not always the same in value ; 
and, therefore, the value of the espression itself must he va- 

" This relation is found by dividing the horizontal parallax of tha 
moon, 56' ST', by the horiionlal parallax of the sun, 8".6. 
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rialile ; and it will be least wben the earth is at the greatest CH.r. iv . 
distance from the sun, and, of course, the moon's motioE will 
then bo increased. But the earth's variable distance from 
the sun depends on the ecoentrioity of the earth's orbit; and thb annn. 
hence we perceive that the same cause wbicb affects the ap- „fii,j'5|^'„^ 
parent solar motion, affects also the motion of the moon, and mouon. 
gives rise to an eijuation called the ammat equcdion* of the 
moon's motion. It amounts to 11' in its inasimum, and va- 
ries by tho same law as the equation of the sun's center. 

( 181.) If we take the general expressions for the radial * genefii 

force, Sai— — — ) cos. x — ^, and banish the letter s ft^Vat'an'y 
from it by means of the eciiiation moon's oriiii. 

s = a + r COS. x 
Or, s' = a=±3a3 r cos. ar, 

{ neglecting the powers of r) and we shall have, 
rS (3 COS. "g — 1) 



for an expression of the radial force corresponding to any 
angle x from the syzigy. 

If -wo tate the general expression for the line pn, the tan- 
gental force, and banish s, as before, we have, 

3rs COS. X sin. x 
tangental force ^— ^ 

By doubling numerator and denominator, this fraction can 

take the following form : ° 

3>-^ (2 COS. a^ sin, or) . 

But, by trigonometry, 2 cos. x sin. x =: sin. 2x, 

Therefore the tangental force = ~ n~i — ■ 

This expression vanishes when jk = o and x = 90° ; for then 
sin. 23! = sin, 180 = 0. Hence the tangental force van- " 
ishes at the syzigies and quadratures, attains Its n 

■ This is equation I, in Ihe Lunar Tables. 
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V^ue at tlie octants, and vams as the sine of (he double anffuiaf 
distance of the tmxm from the sun. 

Tbe mean Tnaximum, for this force must lie determined by 
olDBeryatioii. It is known by the name of variation, and by 
more inspection we can see tbat its amount must correspond 
' to the Yariations of »■ and ofa^. Honce, to obtain the moon'B 
place, we must have Correction on correction. 

The variation amounts to about 35'. It increases the Te- 
locity of the moon from the quadratures to the syzigies, and 
dimiDishcs it from the syei^es to the quadratures; hence, in 
conseqacnce of the variation, the velodty of the moon is 
greatest at the syzigies, and least at the quadratures. 
' ( 182.) Let us now examine the effect of the radial force 
I on the lunar orbit, considered M elliptical. 

SO Let ^.^(Fig. 38) be at right 

anglea to A B, the greater axis 
of the lunar orbit, and conceive 
A OB to represent the orbit that 
the mooQ would take if it Were 
undisturbed by the sun. 

But when the moon comes 
tound to its perigee at A, it is in 
one of its quadratures, and the 
tadial force then increases the 
gravity of the moon toward the 

earth by the expression — . But 

here r is less iltan its mean value, 
and the expression is less than its 
mean, and therefore the moon is 
j2; not cfHwded so near the earth as 
it otherwise would be, and, of 
course, at this point the moon 
1) will run farther from the earth. 

At the point C, the radial force tends to increase the dis- 
tance between the earth and moon, and to vMeti the orbU. 
When the moon passes round to B, the radial force again 
5 the gravity of the moon, and r, in the expression 
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— , is greater than its meem v<due ; and, of course, crowds the 

moon nearer to the eartli than it otherwise would go; and* 
thus we perceive that the action of the radial force on an el- „; 
liptical orbit has a tendency to decrease the eccerWrit^y of l/te 
ellipse, when the sun is at riffhi angles to its greater axia. 

( 183.) Now eonceive the sun to be in a line, or nearly in 
a line, with the longer axis of the lunar orbit, £ 



The radial force at the quadratnrea, Sq 

C and D, has a tendency to press in 
the orbit, or narrov) it. At tic point 
A, the tendency, it is true, is to in- 
crease the distance between the earth 
and moon; but that tendency is not 
BO strong as it would be if the moon 
were at its mean distance from the 

The tendency at B is to increase 
the distance, and it is a tendency 
greater than the medinm. That is, 
the tendency at A ia leas than the 
medium; at B, greater than the me- 
dium; and at C and D, the com- 
pressed parts of the orbit, the ten- 
dency is to a still greater compres- 
sion ; therefore, the entire action of 
the radial foroe is to increase ihe ec- 
eerUricity of the lunar orhii, when the 
sun is in tins, or neaHy in, line, with 
the lo^er atns. B 

Thus, we perceive, that under the disturbing action of the 
sun, the eccentricity of the moon's orbit must be in a state 
of perpetual change, now more, now less, than its mean state. 

Corresponding with this change of eccentricity there most 
be changes in the lunar motion ; and to keep account of h, 
and allow for it, aatronomera have formed a table called 

EVBCTION. 
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I' (1840 Now let us examine the effect of the aV-Jfor 6 
of on tile position of the lunar apogee. 

Lot H (Fig. 40), be the ea tli and 
f r th k f 'mpr 'ty w vq 

th rth t b t I V d the 



Fig. 40. 
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Now lot Tjs coaOeive the sun to be 
in its orbit at S, then the moon will 
be in the sjaigy when it cobies round 
s the radial force at that point tends to increase 
the diatance between the earth and the mooji, the apogee will 
take place at s, or between s and B; and it is evident that 
the apogee in that case would recede or run back. But at 
JO the next revolution of the moon, in a little more than twenty- 
i' seven days, the sun at that time will, apparently, have moved 
^ to S' about twenty-seven degrees. Now the syzigy will take 
place at s', and the greatest distance between the earth and 
moon will now be between B and s', that is, the apogee will 
advance, in one revolution, from near S to near s'; and thus, 
in general, the longer axis of the moon's orbit is strongly in- 
clined tw follow the sun ; and this is the source of its pro- 
gressive motion. It makes a revolution in 3232} days; 
but ita motion is very irregular, for, as we have just seen, 



)v Google 



LUNAR PERTURBATIONS 

Wteil the line wbich joins tlie earth and sun mates a tery Chip 
acute angle witk the longer axis nf the lunar orliit, and is ap- 
proaching that axis, the motion, of the apogee and perigee is 
retrograde ; but, all of a Sudden, when the Bun passes tho 
longer asis of the lunar orbit, the motion of the apogee be- 
eomea direct, and moves with considerable rapidity. 

When the sun is at right angles to the major asis of the Under 
moon's orbit, tho tendency of the radtai force is to diminish I?"""" 
the eccentricity of the orbit, but it has no tendency to change inmrpi 
the position of the axis, "uimn; 

From this investigation it follows, that when the sun has 
just passed the greater axis of the lunai; orbit, the interval 
from apogee to apogee, or from perigee to perigee, will be 
greater than a revolution. Jnit before the ^un arrives at the 
position of tho longer axis, the time from one apogee to an- 
other is less than a revcJution; and when the sun it, at 
right angleB to the longer axis, the time is just ei[ual to a 
revolution in longitude, 

(185.) By comparing eclipses of the moon, observed by Ai 
the ancient Egyptians and Chaldeans, with those of more "^ '''p* 
modern times, Dr. Halley, and other astronomers, eoneluded modem 
that the periodic time of the moon is now a little shorter s^i"""' 
than at those remote periods; and to make these estreme 
observations agree with modern ones, it became necessary 
to conceive the moon's mean motion to be accelerafed aiotU 
11 secrmds per centurj. 

For a long time this fact seriously perplexed a'Stronomers : 
some were for condemning the theory of gravity as insnfE.- ' 
cient to explain the cause of the lunar perturbations, while 
others were for rejecting the facts, although aS Well eetah- 
lished as any mwe historical facts could be. 

"la this dilemma. Says HerSchel, "Laplaoe stepped in to 
rescue physical astronomy from reproach by pointing out the 
real cause of the phenomenon in question." 

Although this subject troubled the greatest philosophers 
of the past age — -the greatest mathematical pbilosophera the 
world ever saw — the problem is quite simple, now the solu- 
tioa is pointed out, and we are sure that every reader of or- 
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dinary capacity can understand it, provided he gives his se- 
rious attention to the subject. 
■J The secular acceleration of the moon's mean motion ia 
caused by a small chanffe in the mean value of the radial force, 
ocLasioned by a ehavqe in the eccerdikity of the earth's orbit 

The expression y- is the mean radial force of the son 

dating tn the moon's orbit diluting it and mfctea'iirg the 
time tf the lun^r revolution 
" If the earth s orhit had no ei tentriLity 2a^ the denomina- 
\ tor of the fraction, would always have the same valne and 
then regarding the numerator as constant there would be no 
variation ot the moon s motirn arising from this cause But 
in consequence of the earth and moon moving toward the 
apogee of the earth s orbit a of course a^ hectmes 
greater ind the value of the ridial force becomes less than 
iti mian \ ilue and m cinsec[npnee ot this the moons mo- 
tion V imrcaied And when the e-irth and moon move to 
I ward thp eaiths perigee a and a' become less and the 
value ot the raditJ force becomes greater than its mean the 
moon s orbit is dilttted to excess and its motion is dimvathed, 
■ and tlie otbU is more dilated when the earth is m perigee than il 
*" is cotUraeled when the earth is in apogee. In other words, the 
i, mean dilatation of the lunar orbit is greater, and the mean 
"^ motion of the moon less, in proportion, as the earth's orbit is 
more eccentric. 

The less the value of :-— the greater is the moon's mean 

motion, and that value is least when a is greatest. But a 
would have no variation of value if the earth's orbit were 
circular. 

The earth's orbit, however, is eccentric, and in the course 
of a year the value of the radial force is exactly expressed 

by ^— only at two instants of time, when the earth passes 

the extremities of the shorter axis of its orbit. At all 
other times « is either greater or less than its mean 
value, and the variations axe equal on eaoh ^de of it ; that 
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I becomes (« — d) or (a-{-d), aad the ladia! force i 



:i(a-rf)= 2{a+dy 



which espressiona eorreapond to equal distances on each side 
of the mean distance, and d may have all values from to ^ 
a e, the eccentricity. The mean vidue <^ Ste radiai force fc 
correspimding to ike whole year, is equcd to 



4V(.-i)>T(»-Hi)./ 



But this expression b always greater than ^—, except tI'« "="■ 

when rfs=0; then it is the same, as any algebraist can verify. '"■'|rL[°^ 
Hence the mean ra^al force for the whole year is greater of ail wh«n 
as the earth's orbit is more eecentrie, and it will be least of '^^. eanh'j 
all Yfhen that orbit becomes a circle ; and then, and then atek. 
only, it will be accurately represented by ^-. 

But when the radial force is least, the meai mot n must 
be greatest, and that force is less and less as the eccent ty 
of the earth's orbit becomes less and leas; and sp din^ 

thereto the moon'a motion becomes greater and oreate as 
has been the cane for more than 4000 years. 

( 186. ) The mean distance between the earth and sun re- t** "^" 
mains constant. It must be so from the nature of motion, "^ oocent^ 
force, aofioQ, and reaction; but bj the attraction of the ciiy of ii« 
planets the eccentricity of the earth's orbit is in a state of per- '""' "''"'■ 
petual cbange ; the change, however, is excesskely slow. From 
the earliest ages the eccentricity of the orbit has been dimin- 
ishing; and this diminution will probably continue tmtil it is 
annihilated altogether, and the orbit becomes a circle; after 
which it will open out in another direction, again become ec- 
centric,, and increase in eccentricity to a certain moderate 
itmount, and then again decrease, 
14 
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■ 1'- 5le period for these vibnUiona, " thongh caJolilaHe, has never 
8 im- been, calculated further thau to satisfy us that it is not to be 
^^ reckoned by hundreds or even by thousands of years." It is a 
I those period so long that the history of astronomy, and of the whole 
"■ human race, is but a point in comparison. 

The moon's meoji motion will continue to increase until the 
earth's orbit becomes a circle; after which it will again decrease, 
corresponding with the increase of a new eccentricity, 
incii- ^ jgy^ J j-gj, ijjg gjjjjg uf simplicity, we have thus far con- 
orbit sidered the moon's orbit to be in the same plane as the 
inio earth's orbit ; but this is not true ; the mean inclination of the 
lunar orbit to the ecliptic is 6° 8', varying about 9' each way, 
according to the position of the sun. 

Owing to this inclination of the lunar orbit, the expressions 
which we have obtained for the tangental force need cor- 
rection, by multiplyinff them hy the cosine of the ivdmatum; 
and for the effect of the same forces in a perpendicular 
direction to the moon's longitude, multiply them by the sine 
of the inclination qf the orUt. 

The position of the moon's orbit, in relation to the sun, is 
strictly analogous to the ring in relation to the disturbing 
body D (Art. 176) ; the sun is constantly urging the moon 
into the plane of the ecliptic, which has a constant tendency 
to diminish the inclination of the lunar orbit ( except when 
the sun is in the positions of the moon's nodes) ; and this con- 
stant force urging the moon to the ecliptic, causes the moon's 
nodes to retrograde. 

We conclude this chapter by a brief summary of the prin- 
cipal causes which affect the moon's motion. 
mmarj \_ The eccentricity of the earth's orbit ; which gives rise to 
Itt- ""^ annual equation of the moon in longitude. 
uitiBs. 2. The eccentricity of the lunar orbit; producing the equa- 
tion of the center. 

3. The tangental force; giving rise to the equation called 
variation. 

4. The position of the sun in respect to the greater axia 
of the lunar orbit; giving rise to the inequality called « 

6. The inclination of the moon's orbit. 
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6. Tte combination of the first cause, when differing from chip, ii 
its mean atate, augments or diaiinishea the resnlt of every 

other — thus making many additional small equations. 

7. The ellipsoidal form of the earth. 



OHAPTEE V. 



( 188. ) The alternate rise and fall of the surface of the catr. v. 
sea, as oisserved at all places directly connected witt the Definition 
waters of the ocean, is called tide ; and hefore its cause was °^ ** ""^ 
definitely known, it was recognized as having some hidden and 
mystenom cotmecdoji witk t/ie moon, for it xo&e and fell twice Conneciion 
in every lunar day. High water and low water had no con- '"* ' 
nection with the hour of the day, but it always occurred in 
'oiout such an interval of time after the moon had passed the 
mendian. 

When the sun and moon were in coajunction, or in opposi- Highudn. 
tion, the tides were observed to he higher than usual. 

When the moon was nearest the earth, in her perigee, other 
«ircumstanoe=i being eijua! the tides weie observed to be 
higher than when under the sjme circumstances the moun 
was in her apogee 

The spice of time from one tide tc another, or from 
high water to high water ( when undisturbed by wind ) is 
12 hours an! about 24 minutes tliu'" making two tido^ in one 
lunar day showing high watir on opposite side^ of the eirth 
at the same time 

The dodination of the moon, also, has a very sensible mfla Tides af- 
ence on the tides. When the declination is high in the north, ^'°^°^ ^ '_|" 
the tide in the northern hemisphere, which is next to the moon, of Uie moon, 
is greater than the opposite tide ; and when the declination of 
the moon is south, the tide opposite to the moon is greatest. ■* ^ifcniij' 

It ie considered mysterious, by most persons, that the moon ^ EBpetflciai 
by its attraction should be able to raise a tide on the opposite leaBoaw, 
side of the earth. 
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That the' moon should attract the water on the side qf th« 
aarth next to her, and thereby raise a tide, seems rational and 
natural, but that the same simple action also raises the oppo- 
site tide, is not readily admitted; and, in the absence of clear 
illnstration, it has often excited mental rebellion — and not a 
few popular lecturers have attempted explanations from false 
and inaderiuate causes. 
IS But the true cause is the sun and moon's attraction; and 
until this is clearly and decidedly 
^'S-**' understood — not merely assented 

to, but fully comprehended — it is 
impossible to understand the com- 
mon results of the theory of gra- 
vity, which are eoustantly exem- 
plified in the solav system. 

We now give a rude, but strik- 
ing, and, we hope, a satisfactory 
explanation. 
7 Conceive the frame-work of the 

earth to be an indexible solid, as it 
really is, composed of rock, and in- 
capable of changing its form under 
any degree of attraction ; conceive 
^^ also that this solid protuberatea 

^^ out of the sea, at opposite points of 

y^^ ^^s^ ^ the earth, at A and £, as repre- 

/ ^M \ aetited in Fig. 41, A being on the 
/ ^^S \ side of the earth next to the moon, 

I ^^s 1 '"'< ^"^ ^ opposite to it. Nov! in 

V ^^^ / connection with this solid cou- 

\ ^^sf / oeive a great portion of the earth 

\^^^^9^_^/ to he composed of water, whose 

Sjtj particles are inert, but readily 

B move among themselves. 

The solid A£ cannot expand under the moon's attrac- 
tion, and if it move, the whole mass moves together, in virtue 
of the moon's attraction on Us center of gmvUy. But the 
particles of water at a, being free to move, and being nnder a 
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more -powerful attraction than the solid, rise toward A, pro- Chip. v. 
dut»Qg a tide. 

The particles of water at b heing less attracted toward m 
than the solid, will not move toward m as fast ae the 
aolid, aod being inert, they will be, as it were, left behind. 
The solid is drawa toward the moon more powerfully than the 
particles of water at b and Mnhs in j art into the water but 
the observer at £, of oouise concenea it the watet nsmg ui 
on the shore { which in effect it is ) thereby pr duoing a 
tide. 

( 189. ) The mathematical astronomer perceives a strict Analogy 
analogy between the analytical espresmons foi the tides and ^^^^ pctar- 
the expressions for the pertarbations ot the lunai moticn batont and 

What we have called the raiiKil /orce in treating of the J'^^J'™"'^,!^ 
lunar irregularities, is the same m its niiure as the force that ocean, 
raises tl e tides the tide forci, is a radial luree which dimi 
nishes the pressure ot the water tonird the center cf the 
earth under and opposite tj the moon in the same manner as 
the Ki(iia! force diminisheb the gravity of the m on toward 
the oirth in her syzigies 

In Art. 179 we found that the radi^ force for the moon, at The radial 



the 



sjzig 



the mass of the sun, a its distance from the earth, and r the 
radius of the hnar orbit. 

The same expression is true for the tides, if we change S to . 
m, the mass of the moon, and conceive a to represent the dia- p, 
tance to the moon, and r the radius of the earth. For the 'i' 

tides, then, 

staat, the variation of the tides must correspond to the cube 
of the inverse distance to the moon. 

( 190.) The sun's attraction on the earth is vastly greater 
than that of the moon ; but by reason of the great distance ^i 
to the sun, that body attracts every part of the earth nearly 
alike, and, therefore, it has much leas influence in raising a 
tide than the moon. 
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Chip. V . FroKi a long course of observations made ■%t Brest ir 
obaBivationi France, it lias been decided that the medium hi^h tides 
when the sun and moon act together m the syisiyes is 
19.317 feet; and when they act against each other (the 
moon in quadrature), the tides are only 9 151 teet Hen(,e 
compota- j]jg efficacy of the moon, in producing the tide? is to that 
r*ofi"h!,T™ of tie sun, as the anmber 14.23 to 5.08. 
and moon. Among the islands in the Pacific ocean ob&er\ati n': gne 
the proportion of 5 to 2.2, for the relatiye mflueneea Df thea& 
two bodies; and, as this locality ia more favorable to accu- 
racy than that of Brest, it is the proportion generally takcii. 
Haying the relatiye influences of two bodies in raising the 
tides, we have the relative masses of those two bodies, pro- 
vided they are at the sonje distance. Bat by the expression 
for the tides, as we have just seen, the variation for distance 
corresponds with the inverse cube of the distance, and the dis- 
tance to the sun is 397.2 times the mean distance to the 
moon. Hence, to have the influence of the moon on the 
tides, when that body ia removed to the distance of the sun,, 
we must divide its observed influence by the oube of 397.2. 
MajBofihB rpjjj^j. jg^ ^jjg j^^g ^^ jjjg moon is, to the mass of the sun, as 

the n 

In all preceding computations we have called the mass of 
the earth ««%, and in relation thereto, the mass of the sun is 
354945 ( Art, 169 ). Let us represent the mass of the mooa 
by m, then we have the following proportion: 

This proportion mates the maas of the moon a little less thseia 
y'y ; but I have little confidence in the accuracy of the result, 
as the data, from their very nature, must be vague and in- 
definite. 
The Umes (191.) The time of high water at any given point is nofi 
ilr 'dWsreni oommonly at the time the moon is on the meridian, but two 
[n aifferent or three hours after, owing to the inertia of the water; and 
lociiiiiei. places, not far from each other, have high water at very dif- 
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ferent tim^ on tbe same ih,j, according to tlie disLiuiud 
direction tbat tlie tide wave has to undulate from the main 
oceaD. 

The interTal between the meridian passage of the moon 
and the time of high water, is nearly constant at the same 
place. It is about fifteen minutes less at the ajzigies than 
at the quadratures; but whatever the mean interval is at 
any placo, it is called the estoMis/iTnenl qf tkeporl. 

It is high water at Hudson, on the Hudson river, hefore ''''"' '' 
it is high water at ]Now York, on the same day; but the tide EtantivM 
wave that makes high water one day at Hudson, made high on tia n 
water at New York the day hefore ; and the tide waves that l^^^l ' 
make high water now, were, ptohably, raised in the ocean 
several days ago ; and the tidea would not instantly cease on 
the annihilation of the sun and moon. 

The actual rise of the tide is very different in different TMes • 
places, being greatly inflnenced by locaJ circumstances, such gj"],, [^ 
as the distance and direction to the main ocean, the shape an^am- 
of the bay or rivor, &c., &e. ='='«'=■ 

In the Bay of Fimdy the tide i« sometimes fifty and sixty 
feet; in the Pacific ocean it is about two feet; and in some 
places in the West Indies, it is scarcely fifteen inches. la 
inland seas and lakes there are no tides, because the moon's 
attraction is equal over their whole extent of surface. 

The following table shows the hight of the tides at the 
moat important points along the coast of the United States, 
as .ascertained by recent observation. 

Feel. 

Annspolis (Bay of Fundy), 60 

Apple River, 50 

Chlcneilo Bay (north part of the Bay of Fnndy), 60 

Passnmaqiioddy River, 25 

Penobscot Rivsr, 10 

Frovidence, R. I., 5 

New Bedford, 5 

New Haven, 8 

New York, 5 

Cape May, 6 

Cipe Henry, i^ 
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CHAPTBK VI. 



Cmf . VI . ^ 192.) Tlie perturbations of a plaaet, produced by the at- 

Fienetsiy tractions of another planet, are precisely analogous to the per- 

pertnibi- turbatious of the inijon, produced by the action of the sun. 

lions anaio- The disturbing forces are of the same kind, and they are 

subject to aimilM" variation's from precisely the same causes. 

But the amonnt of the disturbances is, in most eases, very 

trifling, on account of the small mass of the disturbing planet 

compared with the mass of the sun, or its great distance from 

the body disturbed. 

Aeiionand As action and reaction are everywhere equal, the placets 

oniiiiBpiBn' mutually i^sturb each other, and if one ia accelerated in its 

ei> leoipro. motion, the other must be retarded; if the tendency of one to- 

*" ' ward the sun is diminished, that of the other must be incrcaBed. 

Examine Fig. 23, and conceive V, Venus, to be disturbed 

by the attraction of the earth at £! and if the motiot of tl t, 

planets is in the direction of V£ it is ] erfectly clenr that 

Venus win be accelerated by the earth anl the earth ml] he 

retarded 1 y Venus 

One planet ;Bat Venus w 11 be more accelei ited in its motion than the 

ed i^Me^Tn- ^^^*'^ will bo retar led i n the d aturbance at this poi t is 1 1 

oth« u re. a line with the motion of Venus aud not in .i hne with the 

" " ■ motion of the earth 

When Uie After Vci u^i passea coniunct on that is jassLS the varying 

'^'"'" line S S, her mot ou becomes retajded and the earth a is ac 

celerated b t every mot on nf the e efth we ascnbe lo the »wn 

and in all modern soiar tables, the corrections of the sun s 

longitude corresp nding to the action of Venus Mais Ju 

mtmibfio-P^^'^ n<jo( &o ire simply the effect that these bodies 

lai pMiii.-i)i. have on the motion of tie earth 

""' The direct effect of any of thee belies en the [Ofit n of 

the sun is absolutely insensible 

The relative list irbanoe'" of two [lanets are reciprocal to 
their masses ftr it ne is d ublp in mts* of at other the 
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greater mass will move but half as far as the smaller, under ' 
their mutual action. But when the amount of disturbance is 
referred to angular motion for its measure, regard must be „ 
bad to the distances of each planet from the sun ; for the '" 
same distance on a larger orbit eorrespoflds to a less angle.* -] 
Also, the whole amount of the disturbing force of a superior i' 
planet on an inferior will, at times, be a tangental force 
( Fig. 23 ) ; but the reaction of the inferior planet on the su- 
perior can never be in a tangent diie_etly with, or opposed to, 
the motion of the superior. 

If observations can give the mutual disturbance of any two 
planets, then these circumstances being taken into considera- 
tion, an easy computation will give the relative masses of- the 
planets. 

( 193.) As a general result, the attraction, of a superior 
planet on an inferior, is to increase the time of revolution of " 
the inferior, and to maintain it at a greater distance from the ti, 
sun than it would otherwise have. The action of the inferior "' 
is to diminish the time of revolution of the superior; and 
the general effect is greater than it would be, if the inferior 
planet were constantly situated at the distance of the sun, 
(Art. 185.) 

As an illustration of this truth, we say, that if Yenus were 
annihilated, the length of our year, aad the times of revolu- 
tion of all its superior planets, would be a little increased, and 
the revolution of Mercnry, its inferior planet, would be a lit- 
tle diminished. If Jupiter were annihilated, the times of re- 
volution of al! its inferior planets would be a little diminished; 
for it aets as a radioi. force to keep them all a little farther 
from the sun. 

( 194.) If the orbits of all the planets were circular, the i 
acceleration in one part of an orbit would be exactly compen- ™ 

« Geometry deraonstrafes, that, on the average of each revolution, 
tlie proportion in which this reaction will aflect the longitudes of the 
two planets, is that of their masses multiplied by the square tools of 
the mitjor mes of their orbits, inversely; and this result of a very in- 
Icicale and carious caloulaUttu is fiilly confirmed by observation. — 
HEReeiiEL. 
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Chip, vl eatod by tlie retardatioa in aaoth d th f 

whole revolutioD, the mean motic t h tl pi t (^ li 1 
turher and the disturbed) would b t d d th 
in longitude would destroy ea«h th B t tl b 
not circles, and it is only in c t m j 
that symmetry on each sid« of th 1 f j t k 

place; and hence, in a single r 1 t tl It i 

od» of ins- °°^ P^'' oannot be exactly counte b 1 d 1 y th t d 
qualities de- tion of the other; and, therefore, th mm ly I tt 

cm wiooa ^'"" outstanding error, which in d in g y y di 

in iiie same eal revolution of the two planets 1 1 th j t t k 
parts of the p]jjgg jjj opposite part? of the orb t th t tt t m xi 
mum, which is a& gradually fnttered away bs the line of con- 
junctions works round to the same point as at first. 
Soma of Henoe, between every two disturbing planets there i« a common 
onaiitias loo ^'>^7>^^^ depetidinff ow Ihetr tautml coiyunctloTts, in the acme, 
minnieio be or marly in the same, parts of their orbUs. But it would bo 
"" ' ' folly to compute the inequalities for every two planets, by rea- 
son of the extreme minuteness of the amounts; for instance. 
Mercury is not sensibly disturbed by Saturn or Uranus; and 
Mars, and Mercury, and Uranus, practically speaking, do not 
d" t b h th 1 t J p't 1 'i tur h y 

d bl t 1 p t 1 { t f th b t b 

g hth dbthldifwyf th 

Tl ( 195 ) Ag f th It f t pi t 

tl m t w th h th wh t tl m 

th ti m m t f b th tly m t w th 

tl 1 th th ] t fth tw ]la t dl I 

w J t th m p mt f th ! t (j t asfh 

It t th tw h 1 I k Iw y t th 

m J t th 1 1 pi t 1 d ti t a. th j 

t 11 t 1 d d t b t th m 1 ith 

bt tht t th dcd A. ta J nt I f wU 

h pp t ty t It d f th I f 

J t m h th t d th th d, 

t! f p t <^ gem tv \Ath i\ -^\ 

F t t th tra fl m J m t f 

l\ tw tij u[ 1 1 twi th m gtl m 
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tion of another, then tliree revolutions of the one would ex- Chap. yu 
aeilj correHpond to two of the other, and every second coa- 
junction of the two would take plaee in the same points of 
the orbita ; and the orbits, not being cireuiar, the portions of 
them on each side of the line of conjunctiona cannot be sym- 
metrica], unless the longer axes of the two orbits are in the 
same line, and the conjunctions also taking place on that line. 

Here, then, is a case showing that the disturbing force 
may constantly d^er in miiovM on eaeh side of the line of 
conjunctions, and, of course, could never compensate each 
other, and a permanent derangement of these two planets 
would be the result. 

Hence, we perceive, that, to preserve the solar system, it stubiKiyBf 
is necessary that the orbits should be circles, or their times '^^ ="i»"r»' 
of revolution incommensuraile ; but we do not pretend to say 
that the converse of this is true ■ we do say however, that no 
natural cau^ie of lestruct on has thus far bee found. 

( 19b ) The t mes of tl e plinetary revol it on are ineom- 
tnensn aN but neve -thele^^ there arp inata es that ap- 
proach cnmmensural 1 ty an 1 in eonse j^ p ce approach a 
derangemeiit n mot o wh ch when followed ut, produce 
very long periods of ineqiiialrty, called secular variation. The 
most remarkable of these, and one which very much perplexed 
the astronomers of the last century, is known bj the term of 
"th£ great inegucdUy" of Jupiter and Saturn 

"It had long been remarked by astronomers that, on com- The great 
paring together ancient with modern observations of Jupiter "J^°=""" 
and Saturn, their mean motions could not be uniform." The and estum. 
period of Saturn appeared to have been increased throughout 
the whole of the sesenieenlh century, and that of Jupiter 
shortened. Saturn was constantly lagging behind its calcu- 
lated place, and Jupiter was as constantly in advance of his- 
On the other hand, in the eighteenth ceniury, a process pre- 
cisely the reverse was going on. 

The amount of retardations and accelerations, corresponding The per 
te one, two, or three revolutions were not very great ; but, as J' *'''^ ^T™ 
they went on accumulating, material differences, at length, Htphen. 
existed between the observed and calculated places of both 
14 R* 
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. these planets; and, aa soch differences could not then be ac- 
counted for, they excited a high degree of attention, and 
formod the subject of prize problenis of several pliilos<ipbica] 



Lspisce For a long time these astonishing faet'! baffled every cn- 
d tho ^g^yuj, jq acoonnt for them and some were on the point of 
declaring. the doctrine of univeisal gravity overthrown' but 
at length, the immortal Laplace cm fw d nl hwd 
the cause of those discrepancies to b th n ai mm n 
lability of the mean motions of Jup t ad Sat wh h 

cause we now endeavor to bring to th m d f th ad n 
a clear and emphatic manner. 

( 197.) The orbits of both Jupite an 1 Satu n a )hpt 
cal, and their perihelion points have diff nt 1 omt d and 
therefore, their different points of c jun t n at d ff ent 
distances from each other, and no lia f j t t th 

two orbits into two eq^ual or symm t al p t h n tho 
inequalities of a single synodieal r lut w 11 t d t j 
each other; and, to bring about an ^ual ty f p rtu b t n 
requires a certain period or suecesai n f nj n t n a we 
are about to explain, 
e mo- Five revolutions of Jupiter requ 166 day a d tw 
Ki'^ of Saturn, 21518 days. So that, in a p d f tw 1 

compic- tions of Saturn (about sixty of our j s) aft a y ] n 
tion of these two planets, they will be in conjunction again not 
many degrees from where the former took place, 
Mrajno- To determine definitely where the third mean conjunction 
revoiu- ,^[[ t^]j(j place, we compute the synodieal revolution of these 
^. two planets by dividing tho circumference of the circle in sec- 
onds (1296000) by tho difference of the mean daily motion 
of the planets in seconds (178".6),t and the quotient is 7253.4 
days; three times this period is 21760 days. In this period 
Jupiter performs five revolutions and 8° 6' over; Saturn 
makes two revolutions and 8° 6' over; showing that the lice 

« Line of conjunction, an imaginary line drawn from the ena 
through the two planets when in conjunction. 

t See problem of the two couriers, Robinson's Algebra. 
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of conjunction advances 8° 6' in longitude during tlie period ' 
of 21760 days. 

In the year 1800, the longitude of Jupiter's perihelion point 
was 11° 8', and that of Saturn 89°9'; the inehnatioo of the 
greater asia of the orhita, therefore, was 78° 1'. 



Fig. 4S 




Let AB (Fig. 42) represent the major axis of Saturn's Tii 
orbit, and ab tliat of Jupiter; the two are placed at an angle ^^^J 
of 78*^.* pC 

Suppose any ooujuuctlon to take place in any part of the 
orbits, as at JS (the line JS we call the line of oonjunc- Lim 
tion) ; in 7253.4 days afterward another conjunction will take ^""Z" 
place. In this interval, however, Saturn will describe about 
243° in its orbit, at a mean rate, and Jupiter will describe one 
revolution and about 243° over, and it will take place as re- 
.presented in the figure, at /* § ( STB being the direction of 
the motion). The nest conjimetion will ho 243° from PQ, or 
at -ffi T. From S T the nest conjunction will be at s »', 8° 6' 
iu advance of J'S, and thus the eonjunotion JS { so to speak) 
will gradually advance along on the orbit from S to T. 

But, as we perceive, by inspecting the figure, there is a 

•Wa have very much exaggerated the eccentricities of these ellip- 
ees, for the pnrpose of insgniiying the principie under conMderatioa. 
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chai.. VI. certain portion of tbo orbits, between S and T, wiere the two 
CeitaiB planets would oome nearer together in their conjunction, than 
^onjinciions jj^gy ^^ ^j. ponjunctious generally, and, of course, while any 
neii nosiBi one of the three conjunctions is passing through that portion, 
logeiiierthaii pf the orbits — Jupitor disturbs Saturn, and Saturn reacts on 
Jupiter more powerfully than at other conjunctions; and this 
is the cause of "ike great inegucdity of Jupiter amd Satarn." 
Tiiopeiiodof ( 198. ) To obtain the period of this inecLuality, we eom- 
',' """^ ' pute the time rec[uisite for one of these lines of conjunction 
(juiiitj com- to make a third of a revolution, that is, divide 120° by 8° 6', 
^led, Bid ^„^ ^jg gijgji gjjij ^ cjuotient of 14f ^, showing the period to be 
tion confiim. 14|^ times 21760 days, or nearly 883 years ; which would be 
«d bj obser- ^^ actual period, provided the elements of the orbits re- 
mained unchanged during that time. But in so long a period 
the relative position of the perigee points will undergo con- 
siderable variation; which causes the period to lengthen to 
about 918 years. 



Fig. 43, 



The masimum amount 
of this inequality, for 
the longitude of Saturn, 
is 49', and for Jupiter 
21', always opposite in 
effect, on tbo principle of 
action and reaction. 

(199.) The last great 
achievement of the pow- 
ers of mind in the solar 
system, was the discovery 
of the new planet lifep- 
iime, by Leverrior and 
Adams analyzing the in- 
equalities of the motion 
idc explanation of the possibility of 
Figure 43. Let S be the sun, and 
orbit of Uranus, as corresponding to all 
but at a it departs from its computed 
track and runs out in the protuberance «cS. This indicated 
that some attracting body must be somewhere in the direction 




of Uranus, 
this problem 
the regular 
known perturbatioi 
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S P, although no such body was ever seen or known to esist. '^"' ^ - 
The next timo the planet comes round into the same portions 
nf its orbit,* suppose the center of the protuberance to have 
changed to the liae S Q. This would indicate that the an- """' ""'" 
known and unseen body was now in the line S Q, and that couiii be 
since the former observations it had changed positions by the ™»^8foi tis 
angie P S Q; and, by this angle, and the time of its descrip- ^ vaseea 
tion, n b' glik a ga 11 b n d f th fm ft i t 



Kepi hi d aw nd d m h un 

can b k wn h h d h d 

the am ha U Ir wn fr n h by w an 

approximate to its mass. 

Thus, we perceive, that it is possible to inow much about 
an existing planet, although so distant as never to be seen. 
But the body that disturbed the motion of Uranus has been 
««« and 13 called Reptune. 



CHAPTER VII. 



ABERRATION, NUTATION, AND PKBCESSION 



(200.) ABorx the year 1725 Dr. Bradl y f h & 
wich observatory, commenced a very rigid s f b 
tious on the fixed stars, with the hop 1 n h 

parallax. These ob.servations disclosed th fa h 11 h 
stars which come to the upper meridian mid gh ha 

anincreaseof longitude of about 20"; wh 1 h s \\ 
near the meridian of the sun, have a deer a e f 1 "id f 
*20" ; thus making an annual dUplacem f 40 Th 
observations were continued for several a anl f unl 
he the same at the Bamo time each year ; and wha was m st 

mplete tevoln- 
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p VfL perplexing, the results were directly opposite from such as 
would arise from parallax. 

These facts were thrown to the world as a prohlem demand- 
ing solution, and, for some time, it baffled all attempts at ex- 
planation; but it finallj oeeurred to the raind of the Doctor, 
that it might bo an effect produced bj the progressive motion 
of light combined with the motion of the earth ; and, on strict 
examination, tjiis was found to he a satisfactory solution. 

(201.) A person stand- 
ing still in a rain shower, 
when the raia falls perpen- 
dicularly, the drops will 
strike directly on the top 
of his head; but if he 
starts and runs in any di- 
rection, the drops will strike 
him in the face; and the 
effect, would be the same, 
in relation to the direciioik 
of the drops, as if the per- 
son stood still and the r^n 
came inclined from the di- 
rection he ran. 

This is a fuD illustration 
of the principle of these 
changes in tho positiona 
of the stars, which is called 
aberration; but the follow- 
ing explanation is more 
appropriate. 

Conceive the rays of 
light to be of a material 
_ substance, and its particles 
B A progressive, passing from 

the star S (Kg. 44) to the earth at B; passing directly 
through the telescope, while the telescope itself moves from 
.d to £ by the motion of the earth. And if BB is the mo- 
tion of light, and A B the motion of the earth, then the tole- 
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Boope muat be inoimed in the direction of A D, to receive the * 
light of the star, and the apparent place of the star would bo 
at S', and its true place at S and the angle4DSia20".36, at 
its maximum, called the angle of aberration. 

By the known motion of the earth in its orbit, we have the 
value oi AB correaponding to one second of time : we have 
the angle ADB hj observation; the angle at .B is aright 
angle, and (from these data) computing the side BD y>^ 
liave the velocity of light, corresponding to one second of 
time. To make the computation, we have 

DB-.BA:: Red. : tan. 20".36.* 

But BA, the distance which the earth moves in its orhit. 
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!!■. VII. in one seeon3 of time, is witbin a very small fraction of W 
milea; the logarithm of the distance is 1.278802, and, from 
this, we find that BX> must he 192600 miles, the velocity of 
light in a second ; a result very nearly tho same as hefore' 
deduced from observations on the eclipscB of Jupiter's moons. 
(Art. 14a.) 

The agreement of these two methoda, so disconnected and 
so widely different, in disclosing such a far-bidden and re- 
markable truth, is a striking illustration of the power of 
science, and the order, harmony, and sublimity that pervadoa 
the universe. 
!ompre- To show the effects of aberration on the whole starry 
™"^" heavens, we give figure 45. Conceive the earth to be 
siiotia- moving in its orbit from A to £. The stars in the line A£, 
whetbcr at or 180, are not affected by aberration. The 
stars, at right angles to the line A £, are most affected by 
aberration, and it is obvious that the general effect of aberra- 
tion is to give the stars an apparent inclination to that part 
of the heavens, toward which the earth is moving. Thus 
the star at SO haa its longitude increased, and the star op- 
posite to it, at 270, has its longitude decreased, by the effecS 
of aberration; both being thrown more toward 180. The ef- 
fect on each star is 20" .36. But when the earth is in the 
opposite part of its orbit, and moving the other way, from O 
to T>, then the star at 90 is apparently thrown nearer to ; 
so also is the star at 270, and the whole annual variation 
of each star, in respect to longitude, is 40".72. 
.f oftive (- 202. ) The supposition of the earth's annual motion fuHy 
of ihe explains aberration; conversely, then, the observed variations 
of the stars, called aberration, are decided proofs of the earth's 
armual molion. 

In eonseciuence of aberration, each star appears to describe 
a small eDipse in the heavens, whose semi'raajor asis is 20". 36, 
and aemi-rainor axis is 20".36 multipHed by the sine of the 
latitude of the star. Tlie true place of the star is the center 
of the eDipse. If the star is on the echptrc, the eDipse, just 
mentioned, becomes a straight line of 40". 72 in length 

If the star is at either pole of the ecliptic, the ellipse be- 
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■comes a oil^le of 40".72 in diameter, ia respect to a great Cm?, vu 
circle; Imt a circle, howeTer small, around the pole, will in- 
clude all degrees of longitude; hence it ia possible for stars 
very near cither pole of the ecliptic, to change longitude 
very considerably, each year, by the effect of aberration ; but 
no star is sufSciently near the pole to cause an apparent revo- 
lution round the polo by aberration ; and the same is true in" 
relation to the pole of the celestial equator. 

All these ellipses have tlteir longer axis parcdlel to the ecliptic, 
and for this reason it is easy to compute the aherration of a 
star in latitude and ion^tude,* but it is a far more complex^ 
problem to compute the effects in respect to right ascension 
and declinatioR- 

( 203. ) The aberration of the sun varies but a very little, Ai^mtioft 
because the distance to tho sun varies but little, and without 
material error, it may he always taien at 20" ,2, subtraciive^i 
Tho apparent place of the sun is always behind its true place 
by the whole amount of aberration ; but the solar tables give 
its apparent place, which is the position geaerallj wanted. 

In computing the effect of aberration on a planet, regard 
must be had to the apparent motion of the planet while light 
is passing from it to the earth. 

The effects of aberration on the moon are too small to be Tha mogit 
noticed, as light passes that distance in about one second of "''' "^"st^ 

( 204, ) While Br, Bradley was continuing his ohserva- oihn m^. 
tions to verify his theory of aberration, he observed other i'^'^^' "''■ 

, served by Dt. 

small variations, in tho latitudes and declinations of the stars, Bradii;. 
that could not be accounted for on the principle of ab- 
erration. 

Tho period of those variations was observed to he about 



*Aber. in Lon. =; — — ■ ■ 4 1 

cos. I 

Aber. in Lat. = 20".36 sin. (S— s) sin. I. 

la these expressions 5^ represents the longitude of the ami, 
« the longitude of the star, and I its latitude. 



)v Google 



ASTRONOMY. 

f. Yii. the same as the reTOlution of the moon's node, and the 
amount of the variation corresponded with particular situa- 
tions of tho node; and, in short, it was soon discoYered that 
the cause of these variations was a shght vibration in the 
earth's axis, caused by the action and reaction of the sun and 
moon on the protuberant mass of matter about the equa- 
tor, which gives the earth its spheroidal form, and the effect 
itself is called Notation, 

Fig. 46. 



Srtstion ( 205. ) We have shown, in Art. 176, that th. 
dbithoihe- "f a hody, m, on a ring of matter around a sphi 



attraction 

e, has the 

of the ring incline toward the at- 



'i- effect of making the pi; 
traeting body. 
Let jB 0, Pig. 46, represent the plane of the equator ; and 
e the protuberant mass of matter, around the equator, 
le represented by a ring, as in the figure. Let m be the 
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moon at its greatest declination, and, of course, witliout the chap. vii. 
plane of the ring. 

Let jP he tlie polar star. The attraction of m on tlio ring 
inclines it to tlie moon, and causes it to have a slight motion 
on its center ; hut the motion of this ring is the motion of tlie 
whole earth, which must canse the earth's asia to change its 
positiou in relation to the star P, and in relation to all the 
stats. 

When the moon is on the other side of the ring, that is, 
opposite in declination, the effect is to incline tho equator to 
the opposite direction, which must he, and is, indicated by an 
apparent motion of aUihe sttirs. 

A slight alternate motion of all the stars in dedinetton, cor- 
responding to the decli-mtkms of the sun and moon, was care- 
fnily noted by Dr. Bradley, and since his time has been fully 
verified and definitely settled ; this yihratory motion is 
known hy the name of nidation, and it is fully and satisfac- 
torily explained on the principles of universaJ gravity ; and 
conversely, these minute and delicate facts, so accurately and 
completely conforming to the theory of gravity, served as one 
of the many strong points of evidence to establish the truth 
of that theory. 

( 206.) By inspecting Fig. 46, it will be perceived that ''''"' s*""* 
when the sun and moon have their greatest northern declina- nut^iion ii. 
tions, all the stars north of the equator and in the same Jiemi- lustrawa by 
sphere as these bodies, will incline toward the equator; or all "^■™- 
the stars in that hemisphere will incline southward, and those 
in the opposite hemisphere wiD incline northward ; the amount 
of vibration of the asis of the earth is only 9".6 (as is shown 
by the motion of the stars), and its period is 18.6, or about 
nineteen years , tho time corresponding to the revolution of 
the moon's node. When the moon is in tho plane of the 
equator, its attraetion can have no influence in changing the 
position of that plane; and it is evident that the greatest ef- 
feet must be when the declination is greatest. nadsmnBtbe 

Tho moon's declination is greatest when the longitude of locoireBpond 
the moon's ascendir^ node is 0, or at the first point of Aries. guaioBt ie- 
The greatest declination is then 28° on each side of the ciiniiion. 
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1. equator; but wken the descending node is in tlie same point, 
tlie moon's greatest declination is only 18°, Hence there will 
betimes, a succession of years, when the moon's action on the 
proiiiiiTani matter about the equator must he greater than in 
uccession of years, when the node is in an oppo- 
Hence, tlie amount of Iwnar nutation depends 
on the position of the moon's nodes. 
°- It is very natural to suppose that the period of luruir nuta- 
tion would be simply the time of the revolution of the moon; 
and so, in fad, U is ; but the corresponding amount ia very 
small, otdy aboztl one-teidh of a second. This is because half 
a lunar revolution, about 13|^ days, while the moon is on one 
side of the cc[uator, ia not a sufficient length of time for the 
moon to effect much more than to overcome the inertia of the 
earth ; hut, in the space of nine years, effecting a little more 
than a mean result at every revolution, the amount can rise to 
9". 6, a perceptible and measurable quantity, 
u, ( 207.) The mean course of the moon is along tho ecliptic : 
" its variation from that line is only about five degrees on each 
,1. side; hence, the medium effect of the moon on the protuberant 
'* mass of matter at the equator is the same as though the 
moon was all the whUe in the ecliptic. Bat, in that case, its 
effect would be the same at every revolution of the moon ; 
and'the earth's equator and asis would then have an equili- 
brium of position, and there would be no nutation, save the 
slight monthly nutation just mentioned, which is too small to 
be sensible to observation ; and the nutation that we observe, 
is only an ineqaality of the moon's attraction on the protube- 
rant equatorial ring ; and, however great that attraction might 
be, it would cause no vibration in the position of the earth, 
if it were constantly the same. 
u- We have, thus far, made particular mention of the moon, 
but there is also a solar nutation : its period is, of course, a 
year; and it is very trifling in amount, because the sun at- 
tracts all parts of the earth nearly alite; and the short 
period of ouo year, or half a year (which is the time that the 
unequal attraction tends to change the plane of the ring in 
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one direction), i"" too short a time to have any groat effect on cmT, vn. 
the inertia of the edrth 

The solar nutation in respeot to dechnation, is mdy tme 
tetond 

( 208 ) Hitherto we have eonsidered onlj ooe effect of nu- 
tation — th^t which changes the jiosUuin of the plane of the 
equator — or what is the same thing, that which changes the 
position of tkp earth ^ axis, hut theie is another effect, of 
greater magnitude, eailier discovered, and hettor known, re- 
sulting jrom the same phyucal cause, we mean the 

PBECBSSION OK THB EQUINOXES 

We Tgam return to fiist principles, and consider the mu- First piin. 
tua] attraction hetween a ring of matter and a body situated '"'''" *^™ 
out ot the plane of the nag, the eflect, as we have several 
times shown, is to lacline the ring to the body, or (which is 
the same in respect to relative positions), the body inclines 
to mil to the plane of the ring. 

The mean attraction of the moon is in the plane of the ^''" ™**" 
ecliptic. The sun is all the while in the ecliptic. Hence, the q,^ ,1^ ^^ 
meal* attraction of both sun and mooa is in one plane, the moon are in 
ecliptic ; but the equator, considered as a ring of matter sur ""^ '' °°*' 
rounding a sphere, is inclined t th ji f th 1 ]t by 
an angle of 23^ degrees, and he h d m h 

constant tendency to draw the j t t th 1 pt d 

actually do draw it to that pi d tb bl ff t s, 

to make both sun and moon, in It th | t 

sooner than they otherwise woul 1 d 1 th q^ui f 11 
back on the ecliptic, called the p ec f th eq 

The annual mean precession t th q 50 1 f ''^ ■" 

are, as is shown by the sun mi t th q 

crossing the equator at a point oO 1 b f t mak 
lotion in respeot to the stars. 

Perhaf - it is clearer to the m d t y tl t th 
d aw t th q t by th p t b t m f m tt 
a uud tl th a d n q t th q t 

t aip nt It th t t] wi w Id 

But t! t uth s, th t th 1 j t t t na, y p t 



)v Google 



.222 ASTRONOMY. 

Ob«p, vu. and the equator, by a slight mot o meets the eel [t c wh ch 
motion is caused by the att act o s ot the s n and n on ai 
haB been several times explained 
The itue j^ .j|jg [i,i5Qji were all the while the eoljt the preees 
eiuBB of liie sion of the equinoxes would then lea o la & jl a uj qua 
precssiionof^^ equal to 50".l for ea h year lut for a s ocess on of 
es. about nine years, the moon rmiB ou to a greite lechnat on 

than the ecliptic, and, diir ng that tune its act o on the 
equatorial matter is greater than the ntem, ^ tion and then 
eomes a succession of about n ne ye r when tfi act on s 
less than its mean ; hence, for nme years the j ecession of 
the equinoxes will he mem thdu 50 1 per year and for the 
nine years following, the precession will he fess than 50 1 
for each year; and the wkd artounto/ anai-on fm thu 
equality, in respect to Ifmgkvde s 17 3 and tspe ol s halt 
a revolution of the moon's n le Th s ne ]psX ty b called 
the equation of the equinoxes and var s as the s c of the 
lon^tude of the moon's nodes 
Equaiion The equation of the eqnin ses of co ir e aflectg the length 
<• e SI" of j]jg tropical year, and 1 (,htly ry si ffktl/ affe ts side 
real time. 
Moan sod There is a true equinox and a n em, eqnmos and as s de 
rae SI erea ^^^^ ^j^^ j^ measured from the mend an t ans t of the e^u 
nox, there must he a tnte sidereal a d a cm s de eal tunc 
but the difference ia never n ore tl an 1 1 s ii t rae and gene 
rally, it is much less. 
Eipianaiion ( 209.) In the hope of being more clear than some authors 
" '^' have been, in explaining the results of precession, we present 
Fig. 47. -ff represents the pole of the ecliptic, and the great 
circle around it is the ecliptic itself. T is the pole of the 
earth, 23° 27' from the polo H, and aroand P, as a center, we 
have attempted to represent the equator, but this, of course, 
ia a little distorted; T and :^ are the two opposite points 
where the ecliptic and equator intersect; T-S is the first me- 
ridian of longitude ; T-P is the first meridian of right ascen- 
sion. The angle .ffT-P is 23° 27', and S P. produced, is the 
meridian passing through the solstitial points. To obtain a 
clear conception of the preeeawon of the equinoxes, the stars 
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the ecliptic, and its pole E, must lie considered as pixhd, 
and the line T ^ aa having a slow motion of 50". 1 per ;iij- 




n the ecliptic, in a 
carry the polo P arnun 1 h [ t i 
als(i the solstitnl pomts 1 a kwa 1 on th 1 [ t S n o 
of the stars have proper n ot on^ hut putt ng that e cum 
stance out of the questio he stars re fised and he eel p ^ 
tie is fised; theref re thu stars never ha ge lattule but 
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thwblfm kfmdi fmtlipl/>tlipl 

t It 1 til q t 1 th ta nd, p t 

t th t mot f ti m ndi d th cj t th t 

h g ghi as d I I id I ffU I h t \ 

h Ittd Tht hglgtl mplj b 

Ii&tm d flgtd T^m Lkwd tlj 

li g ht b th m d tP d It 

t! m 1 f n ht I b kw 1 

Bj ( t g th fig w d Ij p tl t 11 th 

t 'T' m t pp tly pp h th th p 1 b 

11 th p 1 It dJi IP b g t 



TO d Ih t p t f th 
ta ^ P! 

q t h e a TO 

f m h gh th h 
th thh f ht 


i]t f h m 
tly -n thm 
tl m I h 
f ght 

m t dim 


lit! 
1 1 th 

nth t 

th h T 
h th p 


J d t a nth 
t tl ght th i 
th p 1 It 

Th b t m 
n TOb I g t 


! f mth h 
f ht as 

q f th p 

J b fim lly 
I th p t f tl 


th gh - 
t 

f th 

p t g T hi 
p p 1 fix d 



w th h I t Tl 1 m t 1 

anal ntllt hg oitthpt P^ 

ing to 8 1 d ght 1 f 1 1 as d 

the rapid ty f th io ^ ^ th t js 

to hou tw 1 h f ght 

AnnoalvB- ^h^n th ht ft h ur tw 1 

cUn»iion hours, it asj t tnj t t al t d 1 

ho-oompni- tion, coj p d g t t p 1 g th 1 pt i 

*''■ 50".l. C m 11 pi t gl wh hyp th 

50".l, th gl t th b 23 7 40 ( th hi q ty 
of the eel pt _) th d pp t t th gl will b f d 
to he a little over 20", coireEpondiiig to the figures in the 
table. 
Piopeimo- It ia thus, by the motion of these imaginaj-y lines over the 
iiKovered ^^'^^^ eojicave of the heavens, that the annual variation of 
both right aKcension and declination of each individual star 
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ill the catalogue ia eompnted and put down ; and if anj par- c 
ticular star does Eot correspond with tliis, it is said to have 
lirnp(r motion ; and it is thus that primer motions are delected. 

As P must circulato round £J by the slow motion of 50". 1 ' 
in 3 year, it will require 25868 years to perform a revolution; jj. 
and the reader can perceive, by inspecting the figure, why 
the pole star is in apparent motion in respect to the pole, and 
why that star wU] cease to be the polar star, and why, at the 
expiration of about 12000 years, the bright star, Lyra, will 
b tl p 1 t 

(2 0) T m ff m p p 



d p d g 



d h 



represented in this figure ; each wave 
corresponding to nioeteen years; and, 
therefore, there must be as many of 
them in the whole circle as 19 is con- 
tained in 25868, From this, we per- 
ceive, that the undulations in the fig- 
ure are much exaggerated, and vastly 
too few in number; an exact linear 
representation of them would bo im- 




( 211.) From the foregoing, we learn that the positions of 
all the stars are affected by aberration, precession, and nula- "' 
lion : the amonnt for each cause is very trifling in itself, yet, „ 
in most cases, too great to be neglected, when accuracy is 
required ; and it is as difficult to make computations for a 
R'.nall quantity as for a large one, and often greater; and to 
reduce the apparent place of a fixed star from its mean place, 
15 
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Aaui al Alma la wh If 

f u d, t d t and f 1 t aJlth q t d t 
mport « ( 212 ) Phy al t mj b g m y thi t, t I ght 
^„ that w uld til WIS j b rv t I m t tli 

d 1 pn t at fi at k th 1 tli urp d h 

t alway dy t y Id t t P t 

g n al stnl t h 1 tl t tb m 1 t y tl t 

that the earth move tmtpgttpg g 
365d. 6h. 14m,; th t th p g y al w t mt 

moves only about 1 J < <^ Ijttltfw 

fluctuations. He has also learned that the earth, in its orbit* 
describes equal areas in equal times ; henee, he concludes, 
that the time from perigee to perigee, or irom apogee to apo- 
gee, mnst be very nearly a constant quantity; but, on con- 
sulting and comparing the predietioua to be found in the En- 
glish nautical almanacs, he will find these periods to be (in 
eofflparison to his anticipations) very fluctuating. They 
differ from tlio stated mean times, not only by minutes and 
seconds, but by hours, and even days. The investigator is, 
at first, surprised, and fancies a mistake ; at least, a mis- 
print; but, on examining concurrent facts, such as the lo- 
garithms of the distance from the sun, and the sun's true 
motion at the time, he finds that, if a nustake has been made, 
it is a very harmonious one, and every other circumstance has 
been adapted to it. 
Tho lati- But let us turn a moment from these facts, and examine 
Im'ei lain ^^ ^^^^ P^" "^ °°^ Tables. There it will be found, that the 
«i. sun has latitude ; that it deviates to the north and south of 

the ecliptic, by a quantity too small ever to be observed: it is, 
therefore, a quantity wholly determined by theory, and, as 
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the sun's latitude changes with the latitude of the moon 
mnst aoafc for its cause in the lunar motions. Fig. 48. 

To understand the fact of the sun having S 

latitude, we must admit that it is the center 
of graTity between the earth and moon, that 
moves m an elliptical orbit round the sun; 
and that center is always in the ecliptic ; and 
the suQ, viewed from that point, would have 
no latitude. But when tho moon, m, ( Kg. 
48), is on one side of the plane of the eclip- 
tic, Sc, the earth, ^ would he on the other " 
side, and the sun, seen from the center of the 
earth, would appear to lie on the same side 
of the ecliptic as the moon. Himce, the sun . 

vnll change his laH^tde, when tlte moon changes ^^^ 

her latitude. E 

If the moon were all the while in the plane of the ecliptic, 
the sun would have no latitude ( save some exlremdy minute °' 
quantities, from tho action of the planets, when not in the pi 
plane of the ecliptic ) ; but the moon does not deviate more " 
than 5° 20 from the ecliptic, and, of course, the earth makes 
but a proportional deviation on the other side ; hut, in longi- 
tude, the moon deviates to a right angle on both sides, in re- 
spect to tho sun, and when the mo 
to longitude, the sun appears to 
when the moon is at her th' d q 
sun is apparently thrown h Ic hy h 
est variation ia the sun's 1 g t 
of the earth and moon about th 
6" each side of the mean N 
earth around the common c t 
moon, that chiefly affects th 1 1 
its apogee and perigee. 'Uh 
with the sun, the center of tl 
than it otherwise would be ; am 
sition to the sun, the earth ia 
eun than it would he in its mi 
ceive, that the longitude of the moon bas a great influence in 



in advance in respect 

1 advance also ; and 

t th 1 ^"t d f th 



f vity 
wl ll 
tl m 
rth f -tl 


f th th 1 
tl m t 
1 t 
t m th 


d when the moon is in oppo- 
about 3200 miles nearer the 


ean orMt ; and thus, we per- 
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I. bringing th tit p tgtm tt 

perigee p bihpg dpgpt/;A 

center of g ty qt ifto'ig Sljttli w 
pressed thfirfcptftb tl Tbee pi t 
will giT g I ght t mtth jp tt 
eies of phj 1 t my 
»■ The m 11 (1 t f th t mp t d 

|,*_ the pr p! pi d by T g 4S th h an 

" tion ro d tb t f g ty b tw t If d h t 

the pla t F pi th p t b t p d d by J 

piter is t t wb J p t 1 git d 90 f m th 

sun, as fmb kh^ttffttb bt 

8", and varies very nearly as the sine of Jupiter's elongation 
from the sun. 

When Jupiter is in conjunction with the fiun, the sun is 

th th tb t th w w uld b d n this ac- 

t w b mal! t til t t th s distance 

f m th th lied th p t b t t th s distance. 

Th m k pply t tb pi t h t to avoid 

f th ff t f h m b mp ted scpa- 
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SECTION IV. 
PRACTICAL ASTRONOMY. 



Wb have BOW done with general demonatrationa, and with 
minute and consecutive explanations; but we shall give all 
necesaary elucidation in relation to the particular problems 
under consideration. To go through thiB part of astronomy 
with aneceaa and satisfaction, the reader must have a passa- 
ble understanding of plane and spherical trigonometrj ; and 
if to these he adds a general knowledge of the solar system, 
aa taught in the foregoing pages, he will have a full compre- 
henaion of all we design to embrace in this section. 

To prompt the student in hia knowledge of trigonometry, 
we give the following fonrnda : 

I. Relative to a single arc or angle. 



1 

Vl-l-tan.^a. 



5. - 


- - tan. ia==-i ~ 

' 1-I-C03, a 


6. - 


^ ^ , 1— COS. a 


r. - 


■ - sin. 2a=2ain.(ieo3.<i, 



> Radius is unity in all these eqaatims. 
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6. 


- - COS. 2a=2 


eos.'a— 1=1— 2s!n. =«. 


II. 


Eelative to two arc 


!S, a and d, of which a is supposed 


to he the greater. 




9. 


- sin. («+S)=s;n. 


.«cos. H-sin.5coa.a. 


10. 


- 003.t«-|-S)==C0S 


.acoa. i— aiu.asin, 6. 


11. 


- sin. Ca-5)=sin. 


.a COS. 6 — sin. 6 COS. «. 


12. 


- COS. (a—6')=coi 


..«eo,.S+"-..in.S. 




Sum of ( 9 } and ( 11 } gives 13, diff. gives 14. 


13. 


- ein. (c/-|-i)-|-Bin, 


,(«-S)==2,m.ooo..S. 


14. 


- Ein.(«+6)-.ia. 


(o-*)=2oo..«!iii.6. 


15. 


- tan.(«+6) 


tan.a-(-tan.i 


1— tan.a tan. 6." 


16. 


- tan. («— 6) 


tan. a — tan. J 


1-t-tan. atan.6 


17. 


sin. «-|-Bin. S 


_tan,|(a+S) 


sin. a — sill, li 


tan.i(a_S)- 


18. 


tan.a+tan. J 


_.in. («+S) 




tan. a — tan. 6 


■in. (o-S)- 


19. 


f 1-Hm.h 
1— tan. S 
1— tan.i 

[ l-|-tan.J 


=tan. (45°+«). 
=tan. (45°— 5). 



We sliail, probably, raalto an application of tbe foliowtng 
tlieorem ; it applies to finding the unknown angles of a tri- 
angle, when the logarithms of two sides {nnt the sides them- 
selves) and the angle included between the sides are given. 

The greater of two sides of a plmte triangle is, to the lei>s. 
as radius to tlw tangetd of a certain angle. Take this angle 
from 45°, and call (he diff'erence a. Lastly, radvaa is to the 
Umget^, a, as the tariffent of the half sum <^the angles at the 
base is to the tangent of half their difference. 

in. Resolutum of right-angled spheiifal trianglei. 

In the following equations, h is the hypothennso, s a given 
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^ie, s.a ^vert angle, and x the quantity sought. (The right tmo. 
angle is unity, and always given.) 


Given, 


Eecjuired, 
side op. a 


Solution. 
20. sin. «=sin. h sin. o. 


and 


side adj. « 
the other angle 


21. tan. a;s=taii. h cos. a. 

22. cot. ii!=5C0B. A tan. a. 


h 


the other side 


^■~-HS^' 


and 


ang. adj. a 


24. COS. *— tan. s cot. k 


3 


ang. op. s 


25. em. *=|~| 


and 


the other side,. 


26. sin.;^=J^ 

27. sin. ar=tan. s cot. a 


■opposite, 


the other ang. 


28.ain.«=5??l_« 

<30S.« 


and 


h 


29. cot. a;=oos. a cot. s 


the other side, 


30. tan. ie=tan. a sin. s 


adjacent. 


the other ang. 


31. cos.^=sin.«cos.s. 


The 


h. 


32, cos. «=cos. s COS. other side 


two sides. 


the angles. 


33. cot. 3;=Mn. adj. sideXcot. 



[opp. side. 

IV. Resolntion of oblique angled sphericai triangles. 
Let A B and C be the three angles of any spherical triangle, 
andai and C the sides opposite to them respectively, that is, 
the side a is opposite to A, &c 

In spkeiioiU tngot)midry.,tIie dnea of tlm angles are prc^or- 
Uoml to ike sines ^ the t^posite sides. 

, ^ „, ein.A sin.B sin.C 
Therefore 34, ^^ = -^- = —. . 



G^ven the three sides ahe; 
Seqnired one of the angles, A. 

an, (a — 5) wa. (s — c) 



S5. 



Sin.= iJ = - 



le 



)v Google 



ASTRONOMY. 
36.- - C08. = i^=-^i^£r^ 
III 35 and 36, 2S=a-^-\'e. 



OHAPTEE I. 



ffiven the right 
hody,to find it& latitude and 
latitude itnd longitude of a i 
ascension and decHnatitm. 



and declination of any heavetdy 

r conversely, ginen the 

I to fvnd its corre^ondinff rigM 

From any point as a center 

(Fig. 49) desieribe a circle Q 

-E'/'es, &c. Let this circle 

represent tlie meridian, whieii 

paases through the pole of the 

ecliptic E, the pole of the 

earth's asis P, and through the 

solstitial points sB and V5 - 

Then (he point Aries ( ■v) will 

he at the center of the circle, 

and VJ T ffi and 6 T ? will be 

lines croBsing'eaoh fither hj an angle equal to the obliquity 

of the ecliptic Pp is the celestial meridian which passes 

through the equinoctial points, and is the first meridian of 

right ascension. £ T c is the first meridian of longitude, an5, 

of rourse, the angle E <•? P is eqiial to the obliquity of the 

ecliptic 

'" Let s be the position of any celestial body, and draw the 

meridian of right afleension Psf, also draw the meridian of 

1 longitude -ffs e draw also Ts. WohaTenowtworight-angled 

[° spherical triangles sJ)'^ and f Bs, having a common hypo- 

thonase T », the first is the right ascension triangle, the' 
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PRACTICAL PROBLEMS. 

second is the loDgitudo triangle. Let tie student observe ' 
that tlie line Qq repreaenta a circle, tke whole ecLuator; and 
the point t represents, in. fact, two points, the degree of 
right ascension and the ISOtk degree. So the point s repre- 
sents two points, and T I> is the right asoenaion from de- 
gree, or from 180 degrees. 

In our flgm-e, the point * is north of both ecliptic and 
ec[uator ; but it might have been between the two, or south of 
both ; hence, to meet every case, the judgment of the opera- 
tor must be called into exerciao to perceive a general 
solution. 

Now, having the right ascension and declination of s, we 
find its latitude and longitude thus: 

In the triangle T Ds, T -D and Da are given, and equa- 
tion 32 gives <ps (A); 33 gives the angle s ^ D. From 
ST D subtract B '^ D, the obliciuity of the eeliptio, and 
there remmns the angle s 'V B.* 

With the angle s t -5 and the side rp s, equation 20 
gives sB the latitude, and 21 gives '^'B the longitude. 



1. The tight ascension of a certain 


point in Ihe heavens is 


6 h, 7 m. 


50 8., or in 


arc 76° 57' 


30" 


' ; and its dedinaiion i» 


26° 11' ; 


36" N. : 










Whal 


is the laiUwie and lonffUm 


•■eof 


the: 


lame point? 






(32.) 






(33.) 


■vDie^ 


> 57' 30" cos 


i. 9.353454 






- sin. 9,988651 


sijse" 


11' 36" cos 


. 9.962952 


26° 47' 


. cot. 10.308104 


Ts78t> 


19' 3" cos, 


, 9.806406 


27"cot, 10.296755 




«t5 




23 


27 


32 




3" 


IT 


■55^a 



"In gsneral, tako the difference between the angle s 'VD and the 
obliquity of (he ecUpfic ; and if the angle S'^ D is the greater quan- 
tity, the body is north of the ecliptic, otherwiae it is south of it. 
When the declination is BOath, the angle S'^D must be added to the 
obliqalty of the ecliptic in the first and second quadrants, and sub- 
tracted in the third and foalth. Hence the judgment of the operator 
nWBt be called in to decide tbe particulars of the case ; or he must 
hsve s general formula that will give no exercise to the mind. 

X* 
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i. 




Chip. I. 


(20.) 




(21.) 


' 


(A) 1S° 19' 3" sin. 9.990911 




tan. 10.684611 




(a) S 19 55 sin. 8.763965 




COS. 9.999265 




3° 15' 36" sill. 8.754876 


1 7818 6 tan. 10.683876 




Thus we determine that the longitude must be 78° 18' 6", 




and the latitude 3° 15' 86" N. 








2. The longitude of ike moon, 


at a certain 


time, accordifig to 






•lb"&.: 








FiDm dieie 


(32.) 




(33.) 




<P577°53' COS. 9.322019 




sin, 9.990215 


mi^rfoons 


sB 5° 14' 15" COS. 9.998183 




cot. 11.037780 


but mlenhoB 


, q=s 77° 66' 12" COS. 9.320202 


5021' 27" 


eot. 11.027995 


pinoipl«j 


; B^I> ' - 


23 27 42 






18 6 15 




educUiona] 


(20.) 




(21.) 




. (A) 77^= 56' 12" sin. 9.990302 




tan. 10.670170 


fait back m 


' (a) 18 6 15 sin. 9.492400 


77°19'41' 


COS. 9.977948 


^'^.^™."' 


17 41 22 sin. 9.482702 


" tan.10.648118 




Tlius we find that tlie right as 


icensiott distance on the eijua' 




tor, from the ISOth degree, was 


77° 19' 41' 


'; or its right as- 




cension ia are was 102° 40' 19", 


, or in time, 


6h. 50m. 41s. 






n the moon, 


, at a certain time. 



iis riffhl ttscmttion was found to he 16h. 53m. 33s., and its dedi- 

nation 17° 51' 36" S. : whoi was its longitude tmd latitude? 

Ans. Lon. 254° 9' 14", Lat. 4° 41' 12" N. 

nran- In the following examples either right aseension and deeli- 

''" nation may ho taken for the data, and the longitude and kti- 

Bijstude the sought terms, or conversely; the longitude and 

latitude may he the given data, and the right ascension and 

• Ab the longitude is mora than 90° and leas than 180°, the moon is 
la the second quadrant of tight aeoenaion, and 77° 53' in longitude 
from the equator; and as her lalitttde la aonth, it does not correspond 
to S 3 in the figure, and we give the example to exerciae the jadg- 
ment of the learner. 
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declination the required terma. A Nautical Almanac will 
fdmiah anj number of similar examples. 



K. A. Dee. 

4 15 47 36 15 58 15 sonth, 

5 6 13 22 18 23 2 nottli, 

6 112444 145 28 north, 

7 20 23 33 14 11 9 south, 



Lou. Lat. 

23814 48 4 30 17 north. 

93 10 55 5 4 23 south, 

17112 40 152 51 south, 

3044715 6 2 23 north! 



PROBLEM II. 

n the lalUude of Oie place, and die dedinatUm of the si 



; to find the 
would remam above the honzon ; and 
Kttmler of degrees /mm t/ie east and 
vihere it wiU rise and sd. 
To illustrate this probli 
&Ct represent the oeles- 
tial meridian, passing 
through the place. Make 
the arc Q Z equal to the 
latitude, then ZF will 
equal tho co-latitudo. 
The line ffh is every- 
where 90° from Z, and' 
represents the horizon. 
J'p represents the earth's 
Sisis, and the meridian 
90° distant from the me- 
ridian of tho place ; Q ? 
s the equator. From the points Q and g set 




d and d', 
may be) 



equal to the deelication (north or Bouth, i 
and describe the small circle of declination, d Q d', where thia 
circle crosses the circle of tho horizon M/i is the point where 
the body (sun, moon, or star) will rise or set (rise on one 
side of the meridian and set on the other, both are repre- 
sented by the same point in the projection ). Through P Q 
p describe the meridian as in tho figure, and the right-angled 
spherical triangle S Q C appears ; right angled at Ji. 
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In the tnangle S Q 0, there is givca the side M g, 
the deohnation, and the angle opposite M CQ, whiish is equal 
to the co-latitude. S, 0, expressed in time, at the rate of 15° 
to one hour, will bo the time before and after 6 hours, from 
the time the body is on the meridian to the time it ia in the 
horizon ; and the arc Q ia the amplitude. The triangle ia 
immediately resolved by equations 26 and 27. 

(27.) Sin. RC = tan. deolin. X tan. lat. 

in. declin. 



Sin. Co = 



cos. lat. 



Observing that the tangent of the latitude is the same as 
the cotangent of the angle JB C Q, and the cosine of the lati- 
tude is the same as the sine ai MO Q, corresponding to a in 
the equation. 



.imo /„ fif/, lai'iimlf of 40° N., tehen Ike sun's decimation i 
, j, N., what time before and after dx will it rise and set, ami 
.^i- will he it 



(27.) (26.) 

tan. 9.561066 sin. 9.534052 

tan. 9.923813 cos. 9.884264 



17° 47' Bin. 9.484879 26° 31' sin. 9.649798 

Thus we find that the ate called the aseensioTud difference, 
is 17° 47', or, in time, Ih. 11m. 8s., showing that the snn ot 
heavenly body, whatever it may he ( when not affected by 
parallax or refraction), will be found in the horizon 7ii. 11m. 
8s. before and after it comes to the meridian. 

Its amplitude for that latitude and declination is 26° 31' 
north of east, or north of west, and, if observed by a compass, 
the apparent deviation would be the v(triati<m of the compass. 

2. M London, in Lat. 51° 32' N., the sun's amplUude was 
oisenied to be 39° 48' toward the north; what was its declina- 
(ton, and what was the apparenl Unie of Us rising and setting ? 
Ans. Sun's decliaation, 23° 27' 59" N. 

Sun's rising, 3h. 47in. 323. ; sun's setting, 8h. 12m. 28s. 
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PRACTICAL PROBLEMS. 2S7 

The amplitude of tlie sun is frequently observed, at sea, to on.p, i 
discover tho variation of the compass ; but, by reason of re- ^^^jT^^^ 
fraction, the results arc not perfectly accurate. notukeniQ. 

From the right-angled spherical triangle (Fig. 60) P Z Q, '" "Monoi, 
we can compute the time when the sun is east or west in po- timeiiatUiB 
aition, and the altitude it must have, when in that position, "i w"'* 
The angle 2 is a right angle, i' 2 is the eo- latitude, and '™^^ ^^ 
Pq is the CO -declination- horiioa 

Bquation (23) gives the oosiae of Z Q, or the sine of the """'^ '^ '"■ 
altitude of the sun when, it is east or west — the latitude and ^hjieii n>» 
declination being ^ven — and equation (24) will give the '" eitiinda 
angle or time from noon. 

We may also find the altitude and azimuth of the sun, at 
o'clock, by making use of a triangle formed by drawing a 
vertical through ZsN: C S, the given decKnation, will be its 
hypothenuse and P Ch, the latitude, will be the arc of its 
angles. 

By means of right-angled spherical trigonometry, as com- 
prised in the equations from 20 to 33, we can resolve all pos- 
sible problems that can occnr in astronomy, pert^ning to the 
sphere ; but, for the sake of brevity, mathematicians, in some 
cases, use oblique-angled spherical trigonometry, which is 
nothing more than right-angled trigonometry cdmhined and 
condensed. 

Qiven, the la^tude of the ^ace of observation, th^ sun's de- The bod's 
dinatioti, and its aUitu.de above the koiizon, to find Us meridian ^"^"^'^ 
distance, or the tinhe from appaTerU rmon. ridian, ai 

There is no problem more important in astronomy than meiaureii 
that of time. No astronomer puts implicit faith in any ehro- ,s ^ ^^^j^^ 
nometer or clock, however good and faithful it may have and on tho 
been ; and even to suppose that a chronometer runs true, it ^?^^J^^' " 
can only show time corresponding to some particular me- encB, is the 
ridian; and hence, to obtain local time, we must have some 1'^=='™ «f 
method, directly or indirectly, of finding the sun's distance p^„i „,„„_ 
from the meridian. 

When the center of the sun is on any meridian, it is thffn 
and &mre apparent noon ; and the equation of time will he the 
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interval to or from, u 
J. Iq an observatory, < 
'f the meridian ; no on 
' njte and accnrate, a 



.n noon; bnt none, save an astronomer 
define the instant when the sun is on 
Isa has a meridian line sufficiently defi- 
with him it is the Result of great care. 



combined with a multitude of nice observations. 

To define the time, then (when anything like accuracy is 
reijuired ), we must resort to observattons on the sun's al- 
titude. 
9- It is evident that the altitude of the sun is greater and 
ll greater from sunrise to noon, and from noon to sunset the al- 
0- titudo is continually becoming less. If we could determine, 
by observation, exactly when the sun had the greatest alti- 
tude, that moment woidd be apparent noon ; but there is a 
conaderable interval, some minutes, before and after noon, that 
it 18 difiicult to determine, without the nicest observations, 
whether the sun is rising or failing; therefore, meridian ob- 
servations are not the most proper to determine the time. 
^' From two to four hours before and after noon ( depending 
in some respects on the latitude ), the, sun rises and falls most 
rapidly; and, of course, that ninst be the best time to fix 
upon some definite instant; for evei^ minute and second of 
altitude has its corresponding time from noon ; and thus the 
^ time and altitude have 

^ a scientific connection, 

which can only be disen- 
tangled by spherical tri- 
gonometry. But wo 
proceed to tlie problem. 
Draw a circle, P Z 
q H, Stc., (Fig. 51), 
"■ representing the meri- 
> dian ; Z is the zenith, 
and Z iV is the prime 
vertical ; Hh is the ho- 
rizon; Z $ is an arc 
equal to the given lati- 
tudo ; ^ 5 is the eijua- 
tor, and, at right angles to it, we have the earth's axis, F S. 




)v Google 



PRACTICAL PROBLEMS. 2 

Take Ha, Ji a, ec[ual to the observed altitude of the snn, Chip. 
and draw the small circle, aa, parallel to the horizon, Hh. 
From the eijuator take Qd, qd, equal to the declination of 
the sun, and draw the small circle, d d, parallel to Q i^. 
Where these two small circles, aa, dd, intersect, is the posi- 
tion of the sun at the time. 

From Z draw the vertical, Z Q N", and from P draw the 
meridian through the sun, P Q S. The triangle P Z Q 
has all its sides given, from which the angle Z P Q can. be 
computed; which angle, changed into time at the rate of 15° 
to one hour, will give the time from noon, when the altitude 
was taken. If the time, per watch, should agree with the 
time thus computed, the watch is right, and as much as it 
differs is the error of the watch. 

The side Z Q is the complement of the altitude, P Q '^j'^ "^ 
is the complement of the declination, and P Z\s the comple- f^^^^ 
ment of the latitude, and equation (35) or (36) will solve v°"^^ ■>" 
the problem; that i.s, find the angle P which can be made '"*°^ "■ 
to correspond to A, in the ecjuation. But, in place of using 
the complement of the latitude, we may use the latitude it- 
self; and, in place of uging the complement of the altitude, 
we may use the altitude itself; provided we take the cosine, 
when the aide of the triangle calls for the ano; for it would 
be the same thing. Bj thus taking advantage of every cir- 
cumstance, ingenious mathematicians have found a less 
troublesome practical formula than either ("35} or (36) would Mwhei 
be; hut we cannot stop to explain the modifications and ''°'™ ^^ 
changes in a work like this; we contemplate doing so in liona to 
a work more appropriate to such a purpose : the student must ^"^'"f" 
be content with the foEowing practical ivhi, to find Ike (ime rations. 
of day, from llie observed aUUude of the sun, together mtk. & 
polar distance, and the latUtide of the obsemer. 

RuLB l.—Add together the allude, latitude, and pdar dis- Prs«i 
la7ice, and divide tlie sum by two. From this hdf mm suhlmci '^^l ^"^ 
the altitude, reservinff t/ie remainder. 

2, — Talcel/ie arithmetical complement of the cosine of the lati- 
tude, the arithmetical complement of the sine of the polar dislatice, 
the cosine of the half sum, and t/ie sine of the remainder. Add 
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these four loganilaM together, and divide the sum l/y two; Ike 
residt is the loffaritkmetic sine of half ike hourly angle. 

3.^This angle, taken from the Tables, and converted into 
time at tlie rate of four minutes to one degree, will be the 
time from apparent noon ; the equation of time applied, will 
give the mean time when the observation was made.* 

The nstrumc t for tali ^ tit 
tu 1 s, at sea or wherever the ubs ve 
nay happ to be s a quad a t or 
sesta t a cord ng to the n mbe of 
deg ees ot the ar It made on the 
5 n pi ot reflect n^ the mage of one 
I boJi to a othe b\ me^ni of a emaD 
T revolving o a eentfr f nut on 
carrying an ndex with t over tl e irch Nearly oppos te 
to the idee r ?■ or 3 a othe n rror ne half live ed, tho 
other half tran pa ent alle I the hor zon glass D reotly op 
poaite to the I or zon glass a tl e 1 ne of s gl t n wh oh 1 ne 
there s somet mes pla ed 3 mall teleso pe The 1 e of 
s ght n st be pa allel to the plane of th nst -ument The 
two n r 9 must bep pen I la to tho plane of the str 
n ent T be n adjustn e t the two n rrors amelj the n 
dex gla s a d honzon glass Mlm ja allel whe the ndex 
stands at 

To esam e wh tl r a sesta t s all tre t r n t 
pro end as foil ws 

1. Is the itidfx wirmr perpendicular to the ^ane of the in- 
strumevl ? 

Put the indes in about the middle of the aieh, and look 
into the index mirror, and you will see part of the arch re 
fleeted, and the same part direct, and if the arch appeaia 
perfect, the mirror is in adjustment, but if the arch appears 
broken, the mirror is not in adjustment, and must he put so 
by a sorew behind it, adapted to this purpose 

2. Are the mirrors parallel when the index !s oi ' 

Place the index at 0, and clamp it fast; then look at some 
well-defined, distant objeet, like an even portion of tho dis- 
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In latitude 39° 46' north, when the sun's declination was 
3° 27' north, the altitude of tlie sun's center, coTrcoted for 



refraction, index en 

the apparent time ? 

Altitude, 32 

Latitude, 39 

Polar diB., 86 

2)158 


:or, &c., was 32" 20', 

20 

46 - COS. comple. 
33 - sine comple. 
~39 


rising; what ? 

- .114268 

- .000788 


79 
32 
46 


19 30 cosine 

20 

59 30 Bine 


9 .267652 

9 .864090 
2)19 .246798 



^ ZP O 24 50 30 sine 



The hourly angle ia 49 41 0, which, converted into time, 
gives 3h. 18 m. 44 s., the time from apparent noon, and, as 

tant horizon, and see part of it in the mirror of the horizon 
glaafl, and the other part through the transparent part of the 
glass ; and, if the whole has a natural appearance, the same 
as without the in?tniment, the mirrors are paralkl; hut, if 
the ohject appears broken and distorted, the mirrors are not 
parallel, and must he made so, hy means of the lever and 
sorows attached to the homon glass. 

S. Is Ihe homon glass perj>endicidiir to the jilane of the in- 
strvment? 

The former adjustments being made, place the index at 0, 
and clamp it ; look at some smooth line of the distant horizon, 
while holding the instrument perpendictdar ; a continued, un- 
broken line will be seen in both parts of the horizon glass ; 
nnd if, on turning the Instrument from the perpendicular, the 
horizontal line cordinues unbroken, the horizon glass is in foil 
adjustment; but, if a break in the line is observed, the glass 
in not perpendicular to the plane of the instrument, and must 
be made so, by the screw adapted to that purpose. 

After an instrument has been examined according to theso 
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CH.p. I. the snn wae rising, it was before noon, and tte apparent time 

waa 8 U. 41 m. IG s. 
An aio diajr ^ good obscirer, with, a good instrument, in favorable cir- 

bf Uio quad- eumstanees, can define tie time, from the sun's altitude, to 

rant wiihin within three or foul aeoonds. 

*Al"itifloi8i -^^ ^^*i *''* observer brings the reflected image of the sun 

horiMn. to the horizon, and allows for the dip (Tables p.25). On shore, 
where no natural horizon oan ho depended upon, resort is had 
to an ariificud horizon, which is commonly a little mercury 
turned out into a shallow vessel, and protected from the wind 
hy a glass roof. The sun, or any other ohjeot, may be seen 
reflected from the surface of the mercury (which, of course, 
is horizontal), and the image, thus reflected, appears as much 
below the natural horizon as the real object is above the hori- 
zon; and, therefore, if we measure, hythe instrument, the 
angle between the object and its image in the artificial hori- 
zon, that anglo will be double the altitude. 

When mercury is not at hand, a plate of molasses will do 
very well; and in still, calm weather, any little standing pool 
of water may be used for an artificial horizon. 

Observations taken in an artificial horizon are not affected 
by dip, but they must be corrected for refraotion and index 
error, and, if the two limbs of the sun are brought together, 
its Bemidiameter must be added after dividing by two. 
A piacticai Tho following esimple is from a sailor's note bool: : 

B«aB,pi=. ,.Qjj ^j|g jgij^ Qf jyj^y js,4g ^^ gg^ jj^ latitude 36° 21' 

north, longitude 'ii" lU west by account it 7 h 43 m. per 
watch; the altitude ot the sun s lower hmb wis 32° 51' ris- 
ing; the bight ot the eye was eighteen feet and the index 

directions, it may be considered as ni an appiosimate adjust- 
ment — a re -examination will render it more perfect — and, 
finally, we may find its tndex erroj as follows — measure the 
sun's diameter both on and off the arch — that is both ways 
from 0, and if it measures tho same there is no index error; 
but if there is a difference half that difl'eience wdl be the in- 
dex error, additive if the greatest measure is off the aroll, 
subtraetive, if on the ireh 
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ewor of tte sextant was 2' 12" additive. What was t 
ror of tbo watch?" 



Time, per i 
Longitude, 


vateh, 
54° 10', in 
mean time e 


t time, 

LtGreenv 

m t 

&th 

f 8J 

th d 

l<t 3 


fick 

d 

th 


7h. 
3 


43 ra., 
38 


b 
P 


rmng. 


Estimated; 


, llh. 


21m. 




w 19 b 
th nt n 


9 
thref 
H 
t w 




tun 


b f 
f tb 
dth 


w 


tm f b 


8 


th 


lar 1 



t 70 1 '^ 

Observed altitnde, - - - . 32" 51' 00" 

ladex error, -j-2 12 

Semidiameter, -|- 15 49 

Kefraction, -.---- ~ 1 28 

Dip of the horizon, - - - - — 4 13 

True altitude of Bun's center, - - 33° 3' 20" 
Altitude, 33° 3' 20" 

Latitude, 36 21 cob. complement, .093982 

Polar dis. , 70 21 52 sin. complement, .026013 
2 )139 46 12 

69 63 6 cosine, - - 9.536470 

33 3 20 



36 49 46 sine, - - 9-777770 

2)19.434235 

^hourly angle, 31 25 30 sine, - - 9.717117 

This angle corresponds to 4b. 11m. 24s., or, in reference 
to the forenoon, 7 h. 48 m. 36 s. apparent time. 

On the 18th of May, noon, Greenwich time, the equation 
of time was 3 m. 54 s. subtractive; therefore, the true mean ^ 
time, at ship, was - - - 7 h. 44 m. 42 s. fe 

Time, per wateh, •■ - - 7 43 °'' 

'■ pi 

Watch slow, ... 1 42 ™ 

A short time before this otaervatioa was taken, the watch a. 
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was compared with a chronometer ia the cabin, which vraa 
too fast for mean Greenwich time, 19 ni. 12.5 g., according to 
estimation from its rate of motion. The chronometer waa 
faet of watch by 3 h. 56 m. 39 s. What waa the longitude of 
the ship? 

Time of observation, per watch, 7 43 00 
Diff, between watch and chron., 
Time, per ch., at observation, 
Chron. fast of Greenwich time, 
Greenwich mean time, 
Mean time at ship, 

11 time, - - 8 .55 45=53° 66' west. 




S' The longitude is west, because it is later in the day, at 
'° Greenwich, than at the ship. This eSamplo explains all the 
IS details of finding the longitude by a ebronometer, 
" By taking advantage of the observations for time on shore, 
,. we may draw a meridian line with considerable exactness ; 
■^ for instance, in the last observation (if it had been on land), 
in 4h, 11m. 24s. after the observation was taken, the sun 
would be esactly on the meridian ; and if the watch coidd be 
depended upon to measure that interval with tolerable accu- 
racy, the direction from any point toward the sun's center, 
at the end of that interval, would be a meridian line. Sev- 
eral such meridians, drawn from the same point, from time to 
time, and the mean of them taken, will give as trtie a me- 
ridian as it is practical to find; although, for such a purpose, 
a prominent fised star would be better than the sun. 
'■e The problem of time includes that of longitude, and flnd- 
*■ ing the difference of longitiido between two places always re- 
solves itself into the comparison of the local imes, at the same 
instant of absolute time. When any definite thing occurs, 
wherever it may be, that is absolute time. I'or instance, 
the explosion of a cannon is at a certain instant of absolute 
time, wherever the cannon may be, or whoever may note the 
event; but if the instant of its occurronec could be known 
at far distant places, the local clocks would mark very diffe' 
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rent hours and minutes nf time ; bat such difference wovdd be cmpj i, 
occasioned eDtirely by difference of 'longitude : tte event is '~' 

the same for all places — it is anoint in absolute time. 

Thus any ^ngle event marks a, point in absolnte time. If Abiointo 
the same event is observed from different localities, the diffe- ^^ ^eaas of 
renCG in local lime will ^ve the difference in longitude. But events. 
a, perfect clock is a notcr of events, it marks the event ^ ^°^^ ^^ 
of noon, tbe event of sunrise, the event of one hour after eienis.ivbeii 
noon, &e. ; and if we could have perfect confidence in this '' '""' "°^' 
marker of eventSf notbing more would be necessary to give us y/ue, 
tho local time at a distant place. The time, at the place 
where we are, can be determined by the altitude of tbe sun, 
or a star, as we bave just seen. But, unfortunately, wc can- 
not hare perfect confidence in any ebronometer or clock ; and 
therefore we must look for some event tbat distant observers 
can see at the same time. 

The passage of the moon into the eartb's skadow is such Eciipsaswe 
an event, but it occurs so seldom as to amount to no practical ^'^™J' ^^^^ 
value. The eclipses of Jupiter's satellites are such events, aiaoime 
but they can t b I d with t t 1 p f d "" ^'"" *^°' 

able power, llgtl p tb dt po. they 

Hence thes t ! I t th 1 1 t m °f ""'« 

only ; the s 1 d tk p t 1 1 I b 1 ttl b 

fited by them Th 1 mp t ly p d m f 

among the st (It 11 ^j) dwh tmt 

any' definite dt t f y|tlttht 

cumatance myl lid tdt tiht 

be observed from half the globe at onco. 

Thus, if we observe tbat the moon is 80° from a partieukir The mouon 
star, that event must correspond to some instant of absolute ^^^^^ j^j^ 
tbne ; and if we are sufficiently acquainted with the moor, stais,niaybe 
and its motion, ao as to know exactly how far it will be from ™°^7nJei 
certain definite points {stars) at tke timea, when it is noon, moving 
3, 6, 9. &c., hours at Greenwich, then, if we observe these "^^'!"°'"|,* 
events from any other meridian, we thereby know the Green- aoinie lime, 
wioh time, and, of course, our longitude. 

Finding the Greenwich time by means of the moon's angu- 
lar distance from the sun or stars, is called talang a lunar ; 
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ASTRONOMY. 

. 1. anO it is probably the only reliable method for long voyages 
at sea. 

If tbo motion of our moon iatt been very slow, or if the 
earth had not been blessed with a moon, then the only 
methoda, for sea parposes, would have been ebronometere and 
dead reckoning. Eor a practical illastration of the theory of 
lunars, wc mention the following facts. 
"^ In a sea journal of 1823, it is stated that the distance of 

1 by the moon from the star Antares was found to be 66° 37' 8", 

'P'*' when the observa&in was properly reduced to tlie center of the 
earth, and the time of observation at ship was September 
I6th, at 7h. 24m. 44s. p. m. apparent time. 

By comparing this with the Nautical Almanac, it was 
found that at 9 p. m., apparent time at Greenwich, the dis- 
tance between the moon and Antares was 66° 5' 2", and at 
midnight it was 67° 35' 31"; but the observed distance was 
between these two distances, therefore the Greenwich time 
was between 9 and 12 p. m., and the time must fall between 
9 and 12 hours io the same proportion as 66° 37' 8" falls 
between the distances in the Kautieal Almanac; and thus an 
observer, with a good inBtrnment, can at any moment deter- 
mine the Greenwich time, whenever the moon and stars ai'G 
in fall view before him. 

The moon, in connection with the stars in the heavens, 
may bo considered a public clock ( quite an enlargement of 
the town-clock), by which certain persons, who understand 
the dial plate and the motion of the Index, and who have the 
necessary instrument, can read the Greenwich time, or the 
time corresponding to any other meridian to which the com- 
putations may be adapted. 

.etved The angular distances from the moon to the sun, stars, 

'^''.. and planets, as put down in the Nautical Almanac, corrc- 

»s spending to every third hour, are distances as seen from the 

'^™'° center of the earth, and when observations are taken on the 

till, surface the distance is a little different; the position of the 

moon is affected by parallas and refraction, the sun or star 

ite % ^sfi^^^'io" alone; and therefore a reduction is necessary, 

«. which is called clearing t!ie distance. This is done by spheri- 
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PROPOli.TI'ONAL LOGARITHMS. 

Tial trigonometry. The distance between tlie moon and star 
ia observed, the altitudes of the twi> bodies are also observed. 
The co-altitudes come to the zenith, and the co-altitudes, 
with the distance, form three sides of a spherical triangle, 
from which the angle at the zenith can be computed. Then 
offlrect the altitude of the moon for parallax and refraction, 
and the star for refraction, and find the true altitudes and eo- 
aJtitudes, and the true co-altitudes and angle at the zenith 
giye two sides and the included angle of a spherical triangle, 
and the third side, computed, is the tnte distatux. 

An immense amount of labor haa been expended by mathe- 
maticians;' to bring in artifices to abbreviate the computation 
of clearing lunar distances ; and they have been in a measure 
successful, and many special rules have been given, but they 
Would be out of place in a wort of this kind. 

PKOPOETIOrrAL LOUAEITHMS. 

In every part of practical astronomy there are many pro- p 
portional problems to be resolved, and as the terms are '"( 
mostly incommensurable, it would be very tedious, in most tji 
naBea, to proceed arithmetically, we therefore resort to foga- "" 
rithms, and to a prepared scale of. logarithms, very ^propri- „|, 
ately called jir^ordonal logimthms. 

The tables of proportional logarithms commonly correspond 
to one hour of time, or 60' of arc, or to three hours of time. 
The table in this book corresponds to one hour of time, or 
S600 seconds of either time or arc. To explain the oonstrue- 
tion and use of a table of proportional logarithms, we propose 
the following problem : 

At a certain time, ike mom's hourly motion in longitude was 
ZZ' 17" ; how much mould it charige its lonffiiade in 13m. 23a. ? 

Put. X to represent the required result, then we have the 
following proportion : 

60 T 13 23 : : 33 17 : «; 
Or 3600 : 13 23 : : 83 17 : a. 

Divide the first and second terms of this proportion by the 

17 
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CHtp- '■ second, and the third and fourth by the third, then wo have 
3600 _ X 

13.23 '^ '■ '■ ^ '• 33.17 
Divide the third and fourth terms hy x, and nmltiply the 
aame terms by 3600, and the proportion becomea 
3600 _ _ 3600 _ 3600 

13.23 X ' 33.17' 

Miiltiplying estremea and meana, using logarithms, and re- 
membering that the addition of logarithms performs multipli' 
oation. 

Then we have log. ^-^ = log. (^-j^^^ -j- log. (^^-). 

By the construction of the tahio, the propwtionid logarithm 

of 1" is the coimnon logarithm of ■ ■■■■ : ■ ■- ; of 2" is the com- 

, „„ . 3600 ^ 3600 



3600' 



moD logarithm of — = — '< 

ienoe the proportional iogarithm of 3600 is 0. 
We now work the problem : 

13 23 - - - P. L. 6516 

33_17_- - - P. L. 2559 

Kesnlt, - -"7 25i - - - P. L. 9075 

„ EXAMPIBS FOB PRACTICE. 

le 1. When the sun's hourly motion in longitude is 2' 29". 

'" what is ita change of longitude in 37 m. 12 s.? 

;: Aua. V 32".5. 

2. When the moon's declination changes 57".2 in one hour, 
what will it change in 17 m. 31 a. ? Ans. 16".8. 

3. When the moon changes longitude 27' 31" in an hour, 
how much will It change in 7 m. 19 a.? Ans. S' 21". 

4. When the moon changes her right ascension 1 m, 58 Si 
in one hour, how nrach will it change in 13 m, 7 a. ? 

Ana. 25".8. 
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PROPORTIONAL LOGARITHMS 

S. B. This tal)Ie of proportional logftritbms will solve any 
proportion, provided the first term is 60, or 3600 ; therefore, 
wheE the first term ia not 60, reduce it to 60, and then use 
the table. 



1. If the sun's decimation changes 16' 33" in twenty-four 



hours, what will be the change in 14 b. 18 m. ? 




Statement, 24 : 14.18 : i 16' 33" 




Or, 12 : T.09 




Or, 60 : 35.45 :: 16' 33" 




16' 33" P. L. 


5594 


35' 45" P.L. 


2249 


Ans. 9' 51".5 P. L. 


7843 



2, If the moon changes her declination 1° 31' in twelve 
boura, what will be the change in 7 h. 42 m. ? Ans. 58'. 

Conceive degrees and minutes to be minutes and seconds, 
and hours and minu-tes to be minutes and seconds. 

When 60 minutes or 3600 seconds are not the first term of 
a proportion, the result is found by taking the difference of 
the proportional logarithms of the other term for the P. L, 
of the sought term, as in the following example : 

The moon's kowly motion from the sun ia 26' 30", whai 
Hme wUl it require to gain 30" ? 



Statement, i 



IVodnct of extremes. 



Ira 



P. L. 2.0792 

P.L. 0.0000 

2.0792 

' P. I., sub. 3549 

s. P. L. 1.7243 



8. The equation of time for noon, Greenwich, on a certain 
day, was 6 m. 21 s, ; the nest day, at noon, it was 6 m. 43 s. : 
what was it corresponding to 3h. 42 m. p. m., in longitude 
74° west, outhe same day? Ans. 6m. 29s. 
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ASTRONOMY. 
CHAPTER II. 



,r. II. Given, the motions of gim atid moon, to determine tkdr appa- 
,jj^,,gi re^U positiona tU any given time; from which resvlix their ^pa- 
™ pre- rent relative siluaiions, and the eclipses of the sun and ntoott. 
"^ J^ This problem covers two-thirds of the soienee of astronomy, 
.feuiip- and includes many minor problems ; therefore a brief or hasty 
solution must not be ospected. 

From the foregoing portiona of this wort, the reader is 
sapposed to have aociuifed a good general knowledge of the 
solar and lunar motiona, and the tables ^vo all the particu- 
lars of such motions; and all the artifices and ingenuity that 
aatronomera eould devise, have been employed in forming and 
arranging these tables, fji the double purpo&e of facilitating 
the eoiapnjtations and giving a(,euracy to the results 

The tables, in general, must be left to explain themselves, 
and the mere heading, cnmbined with the good judgment of 
the reader, will furnish sufficient explanation, m most in- 
stances; but some of them reijuire special mention All the 
taMes we adapted to mean time at QreenvAck. 

EXPLANATION OP TABLES. 

rsijge. Table IV contains the sun's mean longitude, the longi- 
. "^ tude of its perigee (each diminished by 2°), and the A-tg*' 
ijplajia- »Mti^ * for some of the small inei^ualities of the sun's appa* 
of Uie pent motion, 

lination • The term, aHguBent, in aetronoroy, means nothing inore than D 

i« leim correapondenCB in quanlitiee. Thus, each and every degree of the 

neat, sun's longitude corresponds with a particular amount of declination j 

and tUerefoie, a table could be formed for the declination, and the ar- 

gnmeut would be the aun'a longitude. 

The moon's horizontal parallax and aemidinmelet vary together, 
and each minute of parallax corresponds to a particular amount of ae- 
midiamBter; hence, a table can be made for finding the semidiameter, 
and the arg;unient9 would be the horizontal parallel. But the hor).' 
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EXPLANATrON OF TABLES. i 

Argument I, oorreapotida to tie aotion of the moon; Ar- Chip. 
gument II, to the action of Jupiter; Argument III, to Ve- 
nus ; and Argument N, is for the eq^uatiou of the ecLuiiioxes, 
and corresponds with the position of the moon's node; and, 
by inspecting the column in the table, it will be perceived 
that the argummi tana round the circle in a little more than 
eighteen years, as it should; and thus, hy inspection, we can 
obtMn an insight as to the period of any argument in the 
solar or lunar tables. 

The object of diminishing the mean longitude and perigee Expisni 
of the sun by 2°, is to render the equation of the center al- "'..'''* 
ways additive ; for if 2° are taken from the longitude, and 2° 
added to the equation of the center, the combination of the 
two quantities will be the same as before; and, as the equa- 
tion of the center is always less than 2°, therefore, 2° added 
to its greatest mvnm value, will give a positive result. By 
the same artifice all equations may be rendered always posi- 
tive. The 2°, talten from the mean longitude, are restored by 
adding 1° 59' 30" to the equation of the center, and 10" to 
each of the other equations; hence, to find the real equation 
of the center corresponding to any degree of the anomaly, 
aubtraot-l° 59' 3" from the quantity found in the table. 

Table XII, shows the time of the mean new moon, &o., 
in January, diminished by fifteen hours, to render the correc- 
tions always additive. The fifteen hours are restored by add- 
ing 4h, 20 m. to the first equation, 10 h. 10 m. to the second, 
10 m. to the third, and 20 m. to the fourth. 

Argument I, corrects for the action of the sun on the lunar 

lontalparttlUnandBemldmnieter of the moon depend (not solely) ontha 
moon's distance from its perigee; hence, a table can be formed giving 
both horiionlal parallax and seraidiameter; which *bgu»ent3 ate the 
anomaly. In other words, an argument may be called an indei, and 
when the arguments correspond to points in a cirele, or to the difFcr- 
enoe of points In a circle, the cirele may be considered aa divided into 
1000 or 100 parts, then 500, or 50, aa the case may be, would corre- 
spond to half a circle, and so on in proportion. This mode of dividing 
the circle has been adopted, with certain limitations, to avoid the 
greater labor of compntliig by denominate numbers. 
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CH.r. II. orbit ; Argument II, corrects for the mean eccentricity of the 
lunar orhit ; Argument III, corrects for the different combina- 
tions of the solar and lunar perigee ; and Argument IV, cor- 
rects for tiie variation occasioned by the inclination of the 
lunar orbit to the ecliptic; K shows the distance from or to 
the nodes. 
Tibie. ad- New and full moons, calculated by these tables, can be de- 
spiBd le ihe pgjjjg^ upon within f<MT minutes, and commonly much nearer; 
DKition of iho but when great aoeuracy is required, the more circuitous and 
■noon, by gj^ljorate method of computing the longitudes of both sun 

which new , , t . 

mi full aad moon mast be employed. 

moonicsBba Tables SIII, XIV, and XV, are used in connection with 

Eipiaiiaiion Table XVI, shows tlie reduction of the latitude, and also of 
I bio* ""*' *''® moon's horizontal parallas, corresponding to the latitude, 
occasioned by the peculiar shape of the earth, and the dimi- 
nution of its diameter as we approach the poles. Th£ toMe 
is -piU in Oiis place because of the convenienl space in the page. 

Table XVII, and the following tables to No. XXX, contain 
the arguments and epochs of the moon's mean longitude, ejec- 
tion, &c., necessary in computing the moon's true place in 
the heavens. 
Tbomothoii The argument for evection is diminished by 29' ; the ano- 
ibeirao°i(Z I'^y ^y 1° ^^'> t''^ variation by 8° 59', and the longitude 
gitniie of lie by 9° 44', and the balances are restored by adding the same 
""*' amounts to the varioTis equations, which, at the same time, 

renders the equation aflirmative, as esplalnod in the sola? 
tables. 

The arguments in Table xxxii, are also arguments for polar 
distance, or latitude, in Tablexxviu. Anything like a minute 
explanation of these tables would lead us too far, and not 
comport with the design of this work. The use of the tables 
will be shown by the examples. 

We have carried the mean motions of the sun and moon 
only to five minutes of time — and this is sufficient for all 
practical purposes — for we can proportion to any interme- 
diate minute or second, by means of the hourly motions. 
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PRACTICAL PROBLEMS. 



fhwn the sd(tr tables fmd the sun's Imffttude, hourly molwn 
in longitude, dedinaiion, semidiameler and equtUion of tkm ; 
and for a spedfie example, find these elementi correspondvng to 
mean, tvme, at Greeiaia^, 1854, May 26 d. 8 h. 40 m. 

To find the sun's decimation, spherical trigouometry gives 
«6 tbe following proportion : (Bij. 20, page 231.) 

As radiM 10.000000 

Is to wn. of O's Ion. (65° 12' 16") - - 9.967994 
So is siu. of obliq. of the eehp. ( 23° 2T' 32") 9. 599900 
To ata. declination N., 21° 10' 54" - - 9.557894 

In nearly all astronomical problems, time is reckoned from 
noon to noon — from hour to 24 hours. 

When the given time is apparent, reduce it to mean time, 
and when not at Greenwich, reduce it to Greenwich time, hy 
applying the longitude in time. — ( This is necessary because 
the tables are adapted to Greenwich mean time.1 

From Table IV, and opposite the given year, taie out the 
whole horizontal line of numbers (headed as in the table )^ 
and from Tables V, VII, VIII, take out the numbers corre- 
sponding to the month — day of th m nth — h ur and 
uiinnte of the day, as in the following sample 

Add up the perpendicular column u m[ ud num- 

bers, rejecting eji&re circles in every c lun n a d th ims or ^' 
surplus, as the case may be, will giv tl m an lu of all ga 
the quantities for the given instant, "' 

Subtract the longitude of the porig e fr m the a an Ion- „ 
^tude, and the remainderwill bo the n a a maJj which is 
the argument for the equation of the nt 

With the respective arguments tak ut t! rr j ending 
equations, all of which add to the m an 1 ng tud and the 
trae lon^tu^e of the sun from the mean equ n x w 11 be found. 

With the argument N* take out the juat n of the eqid- 

why N is not applied with the othat equations Ja b*- 
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gg" II- noxes itom Table X, and applj it aeeording to itp sign, and 
the result will be the true longitude from the true ecLuinos. 



1854 


May 
25 d 
8h 
40m 


M. Lon. 


Lon. Perig. 


I. 


TI. 


IIL 


N. 


9. o ' " 

9 8 4848 

3 28 16 40 

24 88 28 

19 43 

139 


9 8 25 29 
20 
4 


073 
59 

844 
11 


998 

301 

63 




902 

206 

43 




809 
18 
4 





987 


362 


151 


831 




2 2 5 18 
er 3 6 42 


9 8 25 53 
2 2 518 


= Moan anomaly. 


I 10 

n 13 
ni 8 


4 23 39 25 


Kq.rf 

Truel 


theeq 


2 512 31 
ninox-ie 
2 51215 


San'e hourly motion in ion. 2' 24" 
" semidiameter, 15' 49' 



To find the equa&m of lime to great accuracy. 

J By eijuation 21, page 231, we find 
the sun's R. A., - - - 
Snbtract this from the sun's lon., - 
Equatorial point is leesf of mean east- 
ward motion by - - - 

From the eq^uation of the center, as 

jnst found, - - - 

Subtract the constant of the table, 
The Bun east of its mean place, 
Subtract ( h ) from ( a ) because one 
is east, the other west, and we 
have the arc 
This are, converted into time, gives 
eijuation of time at this instant, and the 
the meridian at mean noon, but 3 
Heuoe, to convert 



63 16 10 
65 12 15 



1°56'5"(«, 



1 7 12 (6) 



May, add the equation of time. 



48' 53" 

. 15.5 e. for tha 

will not come to 

5i s. afterward, 

into apparent time, in the month of 
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PRACTICAi:. PROBLEMS. 

Thu ngnlw dtn th xact amoimt of c 

til lu t ftm bym t th tw (a)and(6) 

( ]i 1 tlj tab 1 t 1 n p g J5), and, without 

St tly ut n g a 1 1 a t nla w can determme 

wt th w 8 t tak th Iff « of the arcs by 

n f ng th t 11 I 15 hj i g on'^ results to 
some respectable calendar. 

EXAMPLE. 

2. What -will be the buq's longitude, declination, riglit aa- 
ooBsion, hourly motion iu longitude, aemidiameter of the sun, 
and equation of time cortesponding to 20 minutes past 9, 
mean time at Albany, N. Y., on the 17th of July, 1860! 

N. B. At this time the sun will be eclipsed, 

Aas. Lon. 214° 38' 21"; Dec. 21° 12' 48". 

R. A., in time, 7h. 46m. 153. ; Et|. of time to add to apparent 
time, 5m. 46.2s.; hourly motion in Ion., 2' 23"; S. D., 15' 45.6". 

PROBLEM H. 

From TaMea XI, XII, cold XlIX, lofind the ^proxirfials time 
of new amd fiJi moons. 

Take the time of now moon, and its arguments, from Table 
XI, correaponding to January of the given year, and take 
as many lunations, from the folloT?iag table, as correspond to 
the number of the months after January, for ■which the new 
moon is required; add the sums, rejecting the sums corre- 
sponding to whole circles, in the argumente, and in the column 
of days, rejecting the number corresponding to the expired 
months, as indicated by Table XIII; the sums will be the 
mean new moon and arguments for the required month. 

When a full moon is recjiiired, add or subtract half a luna- 
tion. Sometimes one more lunation than the number of the "' 
month after January, will be required to bring the time to ce 
the required month, as it oocasionaUy happens that two luna- •" 
tions occur in the same month. ^^ 

Apply the o | ations corresponding to the different argu- of 
monts tak n f n Table XIV, aud their sum, added to the 
mean t me f new or full moon, will give the true mean time 
of ew t I! m on for the meridian of Greenwich, within 
fou m ut 1 generally within two minutes. 
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ASTRONOMY. 

For the time at any other meridian apply the time coire- 
spouding to the longitude. 

EXAMPLES. 

1. Required the approximate time of new moon, in May, 
1854, corresponding to the day of the month, and the time of 
the day, at Greenwich, England, Boston, Miiss., and Cinein- 
nati, Ohio, 



January. 


Mean N. Moon. 1 I. 


11. |iir 


IV. 


N. 


1854, 
Four Luna. 

Table XIII. 


27d. 18h. 14m. 1 0761 
118 2 56 |3284 


1168 
2869 


19 
61 


04 
96 


668 
341 


146 21 10 


ayyb 


4037 


80 


00 


009 




N shows an eclifee of the 
Bun — visible iu tlie Unitod 
Statea. 


May, 

li. 

ni. 

IV. 


25 21 10 

6 46 

4 14 

17 

20 


May, 


26 8 47 


New ® mean time at Greenwich, - 8 h. 47 m., v. m. 

Boston, Longitude, - - - 4 ' 44 

New © Boston time, - - - 4 3 

Cincinnati, Longitude from Boston, 63 

New ® Cincinnati time, - - 3 10 

2. Eeciuirod the approximate time of fiill moon, in July 

1852. for the meridian of Greenwich, and for Albany time 

New York. 


January. 


Menn N. Moon. 


I. 


ri. |iii 


!V. N, 


1852, 
Five Luna. 
Half Luna. 


20d. llh. 53m. 
147 15 40 
14 18 22 


0549 
4042 
404 


3239 
3586 
5359 


38 
76 
58 

72 


27 538 
95 426 
50 43 

72 007 


Tab, 13. Bis. 


182 21 55 
182 


4995 2184 


The column N shows Ihttt 
the moon is very near her 
node. There will E>e a total 
eclipse of the moon— invisi- 
ble in the United Stales. 


July, 

li. 
ni. 

IV. 


21 56 

4 21 

42 

17 

10 


July, 


1 3 25 


Mean 


time at Gi 


enw 


•h. 
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ECLIPSES. 2£ 

Full ® Greenwich time, - - 3h. 25 m. p. m. ch*p. l 

Albany, Longitude, - - - 4 55 

Full ® Albany time, - - - 10 30 A. M. 

Thus we ean. compute the time of new or full moon for any 
month in any year; but, as the numbers for the arguments 
correspond to mean or average motions, and cannot, without 
immense care and labor, be corrected for the true, yariablo 
motions, the results are but approximate, as before observed. 

BOLIPSKS. 

Eclipses take place at now and full moons; an eclipse of wicneoi 
the sun at new moon, and an echpae of the moon at full '.^ 
moon; but eclipses do not happen dt every new and iull 
moon; and the reason of this mnst be most clearly compre- 
hended by the student before it will be of any avail for him to 
prosecute the further investigation of eclipses. 

If the moon's orbit coincided with the ecliptic, that is, if Whyeoii 
the moon's motion was along the ecliptic, there would be an taia pia 
eclipse of tho sun at every new moon, and an eclipse of the evajmont 
moon at ovory full moon ; but the moon's path along the ce- 
lestial areh does not eoineido with the sun's path, the 
ecliptic ; but is inclined to it by an angle whose average value 
is 5° &, crossing the ecliptic at two opposite points on the 
apparent celestial sphere, which are called the moon's nodes- 

If the moon's path were less inclined to the ecliptic, there whaiwoo 
would be more eclipses in any given number of years than ^^ s"*"'' 
now take place. If the moon's path were more inclined to whaiforfti 
the ecliptie than it now is, there would be /etD&' eclipses. " "'^''p*^'- 

The time of the year in which eelipaea happen, depends on 
the position of the moon's nodes on the ecliptic; and if that 
position were always the same, the eclipses would always 
happen in the same months of the year. For instance, if the 
longitude of one node was 30°, the other would be iu longi- wbj a 
tude 30-1-180, or 210°; and, aa the sun is at the first of "^''''" 
these points about the 20th of April, and at the second about pij^s m m, 
the 20th of October, the moon could not pass the sun in p""'-"!" 
these months without coming very nearly in range with it, of 
course, producing eclipses in April and October. 

17 T* 
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Til 1 deirer JliiBtrati n we 
pre £Dt Fjg 52 tio right hne 
throi gh the center of tl e figure 
represents tte eq^uator the cm ved 
hiio T2B^ cro'i&mg the e|ia 
t 1 at two [p Hte }iiiDf le 
frescnt? tie e lipfi'' ii 1 the 
urved hno S © £, lepresii ts 
the path of the mo n cr ■^sii g 
tie erhjtic it the points S and 
p the first of these pcmts is 
the deseendirtg, the other, the as 
cending node. 

As here represented, the as- 
cending node 13 in Hongitnde 
about 210°, and the descending 
node in about 30° ; ■which was 
about the situation of the nodes 
in the year 1846, and, of course, 
tic eehpsea u£ that year must 
have bucn, and really were, in 
Api'il and October. 



Tlic 






. at 1 



junilion aro represented in the 
figure a little after the sun 
has passed tte northern tropic, 
which must bo about the fiist of 
Aii;.ust: and it is perfectly evi- 
diiit that no eclipse can then 
taLc [il&ce, the moon running 
pii-t the sun, at a distance of 
.ihwitjii'e degrees south; and at 
tlip u[)posite longitude, the moon 
mu?t pass about Jive degrees 

The moon's nodes move back- 
ward at the mean rate of 19'' 
19' per year; but the sua moves 
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over 19" in about twenty days; therefore, the eclipses, on ^ 
an average, must take place about twenty days earlier each 
year, or at interyals of about 346 days. 

In May, 1846, the moon's ascending node was in longi- 
tude 216° ; in eight years, at the rate of 19° 19' per year, 
it would bring the same node to longitude 61° 28'. The sun 
attains this longitude each year on the 23d of May; there- 
fore, the eclipses for 1854 must happen in May, and in the 
opposite month, November. 

In oomputinc the time of new and full moons as illustrated '^' 
by th p di g n-pl tl 1 m m k d N t h th 

t d d t th d t f th 1 m f 

th d t th t M f J t pp t 

Th 1 d t b d d d t 1000 p t m e. 

m g t th 1 g d th th d th m t 

1) t 500 d wh th m h wifl f 

500 th t 87 f th d th m -t b I p f 

th from m p t ft} th Wh th 

d t t th d gr t th 7 d ! th 5 
th y b lifse 1 t t is d btf 1 w h U pi 

h w m tl d It th b pt 

Wh th m f 11 w th "> ^ f ih 

d th t h 1 p f th m wh th d] 

t g t th 25 d 1 ss th th 

d btf 1 b t 1 k th Inn t t th w m th 
d bt ly m d IT peai th eelptx Imt be 

for d pes f the 53 rf 3 / Ip fthe 

the himts are 35 and 'li>. Hence, in any lung penod of time, „,ui,„ 
the number of eclipses of the sun is, to the number of eclipses 
of the moon, as 53 to 35. 

In the same period of time, say in one hundred years, there 
will be more visible eclipsea of the moon than of the sun ; for 
every eclipse of the moon is visible over half the world at 
once, while an eolipae of the sun i-^ viable only over a very 
small portion of th th th f oen from any one 

place, there are m 1 p s f th m n than of the sun. 

In the precedi g ampl th 1 mns N are far within 
the limits, and, f th must b an eclipse of the 



)v Google 



360 AaTRoNoMY. 

0"" ■ "■ sun ow the 26th of May, 1864, and an eclipse of tliQ moon lo 
July, 1852. 
Hqw ws ^g jj ig jn YaluB 9, at the time of new moon, in May, 1854, 
scLipse of tfi8 i' shows that the moon will then have passed the ascending 
snnwiiiiiKp. node, and be north of the ecliptic, and the eclipse must be 
sstiofMij '"sihle on the northern portions of the earth, and nol on the 
I8S*, and southern. 

""' " " When the moon changes in south latitude, which will be 
we learn iiiai shown by N being a little more than 500, or a little leas thaa 
ii wii] ba an joOO, the corresponding eclipse, if of the sun, will be visible 
some noiih- on some southern portion of the earth, and not visible in the 
Brnponionnf northern portion; and if of the moon, the moon will run 
through the southern portion of the earth's shadow. 

Table B,p.31, shows the moon's latitude, approximately cor- 
WhsUndi. responding to the column N; or N ia the argument for the 
caioi thai a latitude, and the heading of the argument columns will 
will be visi. show whether the moon is ascending to the northward, or de- 
bio on some sceridinff to the southward. 

iTo'T'of 'd^ The tables from XVI to XVIII, together with the solar 

•»rth. t bl Will g pp m t I f th 1 m t y 

f th 1 1 t t 1 1 id f It ot 

eiepecl 7 th tbl ffi tip tj, Ij. 

fl 1 g p m y t th t 1 1 1 t g 

Ip bthwh pirth t m rat 

t th bj t a rap t f m th 1 t bl f 

fh 

Th ta 



th t 


la f t m b tw 


ll d 


t m t 


f th dm 


a th 


d 


Th It m t 


f th 


tob 


th tw b d] 


j t 


t ih 


„ t al t Od 


1 h 44m 



3 s., and the retrograde motion of the node ia such as to bring 
the sun to the same node at intervals of 346 d. 14 h. 52 m. 
16 b. Neglecting the seconds, and conceiving the mn, Ttioon, 
and twde to be together at nay point of time, and after an un- 
knowtt interval of time, which we represent by P, sup- 

p 
pose them together again. Then j - . represents the 
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tiainfcer of returns of the lunation to the node in the time ■ 

P 1 

P, and tho eipression i4. "'ko ropveeents the number of „, 

returns of the sun to the node in the same time. Each re- ,e 
turn of either body to the node is unity ; therefore, these ex- " 
pressiona are to each other aa tim tohole nwmbers ; say as vt, 



1 that J! 



29 lii 44 ■ 346 14 52 " 



Or, 



(2» 12 44)~"(34(i 14 52)' 

Or, ' (346 14 52)k=(29 12 44)»s - . - (a) 
^ ^9 12 44 

"'' * m*"346 14 52" 

Bedaolng to minutes, and diriding numerator and denomi- 
nator by 4, we have — — tsttcq- -^-^ ^'^'-^ ^^^' fraction is ir- 
reducible, and as m and « mast he whole BtUnbers to amivef 
the assumed condition, therefore) the smallest whole number 
for m, is 124783, and for n if, 10631 ; that is, as we see by 
equation ( a ), the snn, moon, and node will not be exactly to- 
gether ft second time, until a lapse of 124783 lunations, or 
10631 returns of the sun to the same nodo ; which require a 
fieriod of no leas than 10088 years and about 197 days. We 
flay about, becanse we neglected seconds in the computation, 
and because the mean motions will change, in some slight de- 
gree, through a period of so long a dnration. 

This period, however, contemplates an exact return to the This 
same positions of the sun, moon, and ea^lh, bo that a line p^^y,. 
drawn from the center of the sun to the center of the moon posaiii 
would strike the earth's axis in exactly the same point; but 
to produce an eclipse, it is not neceesary that an exact return ^^^^ 
to former position should be attained; a greater or leaa cidenoi 
approximation to former cireum stances wil! produce a greater " ''»pi 
or less approximation to a former eolipso; but exact coinci- 
dences, in all particulars, can neter take place, however long 
the period. 

To determine the time when a return of eclipses may hap- 
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■ P^^ ( particularly if we reckon from tte most fayotalile poa° 
lo tions — tbat is, commence with tte su^posilion that the Bun, 
"' moon, and node are together ), it is sufBcient to find the first 

approximate values of the fraction -■rnj^'oo- ^^ ^^ ^'"^ ^^^ 

suoceaBive approximate fractions, hy the rule of continued 
fractions,* me shall have the successive periods of eclipses, 
whiuh happen about the same node of tho moon. 
The approximating fractions are 

113 4 19 156 

11 n ;-j5 47 223 isai' 

if These fraetions show that 11 lunations from the time an 

iig eclipse occurs, we may look for another; but if not at 11, it 

at will be at 12, and it may be at both 11 and 12 lunations; 

and at five or six lunations, we shaD find eclipses at the other 

node, and the same succession of periods occurs at both 

nodes. 

To be more certain of the time when an echpse will occur, 
we must take 35 lunations from a preceding eclipse, which 
period is 1033 days 13 h. 40 m., and the sun at that time H 
about 6° 40' farther from, or nearer to, the node than before 
— and, if the count is from the ascending node, the moon s 
latitude is about 32' farther south than before, and if from 
the descending node, the moon is about the '<ame distance 
farther north. 

The double of 11, 12, and 35 Junations, from any ecJipsc, 
may also bring an eclipse. 

If an eclipse occurs within 10° of either node, it is certain 

that eclipses will again happen after the lapse of 47 lunations. 

1- The period of 47 lunations inclndes 1387 d. 22h. 31 m., 

"f and 4 revolutions of the sun to the node include 1386 d. 

rf 11 h. 29 m.; the difference is 1 day 11 h. 29 m.; but in this 

time the sun will move, in respect to the node, 1° 32 and 

some seconds; therefore, if the first eclipse were exactly at the 

node, the one which follows at the expiration of 47 lunations, 

•See Robinaon'3 Arlthmelia. 
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nr 3 yeara and nearly 11 montlis afterward, would tike place Ch»p. ii. 
1° 32' short of the same node; and if it were tho ascending 
node, the moon'ij latitude would be about 5' 40" south, and, 
if the descending node, about 5' 40" more to the norths 

The period, however, which is most known, and the most 
remarkable, appears in the next term of the series, which 
shows that 223 lunations have a very close approximate valae 
to 19 revolutions of the sun to the node. 

The period of 223 lunations includes 6585.32 days, and 19 
returns of the sun to the same node require 6585 78 days, 
showing a difference of only a fraction of a day, and if the aa,anaation- 
sun and moon were at the node, in the iust place they would omers uaikii 
bo only about 20' from the node, at the expiration of this *" '"""' 
period, and the difference in the moon's latitude would be 
less than 2', and therefore the eclipse, at tlie elose ot this 
period, must be nearly the same in magnitude as the eehpse 
at the beginning; and hence the expression " a rdum of the 
adipse;" as though the same eclipse could occur twice 

This period was discovered by the Chaldjein astronomers, By 'his pe. 
and enabled them to give general and indefinite predictions ^^^ ^ ^^^^ 
of the eelipaca that were to happen ; and by it any learner, niaij pwflic- 
however crude his mathematical knowledge, can designate the "™ "^ 
day on which an eclipse will occur from simply knowing the 
date of some former eclipse. The period of 6585 days is 18 
years, including 4 leap years, and 11 daj^ over; therefore 
from any eclipse, if we add 18 years aai 11 days, wo shall 
corae within one day of the time of a« eclipse, and it will be 
an eclipse of about the same magnitude as tho one we reckon 



By a simple glance into the American AJmanao for the 
year 1834, we find a total eclipse of th« moon on the Slat of 
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. Jane — therefore, on the first of July 1852, or at the tms 
that the moon fulls on or about the first of July, there murt 
be a large eclipse of the moou, visible to all places from where 
the moon will then be above the horizon ; and furthermore, 18 
years and 11 days after this, that is, ia the year 1870, on the 
12th day of July, the moon will be agwn eclipsed; and, in 
this way, we might go on for several hundred years, but in time 
the small variations, which occur at each period, will gradu- 
ally wear the eclipse away, and another eclipse will as gradu- 
ally come on and take its place. 

In the same manner we may look at the calendar for any 
year, take any eclipse, that is anywhere near either node, and 
lun it on, forward or backward. 

Let as now return to the eclipse of July 12th, 1851. 
Its To decide all the particulars conoerning a lunar eclipse we' 
"' mus6 haTe the following data, commonly called elements of 
the eclipse : 

1. The tune of fall moon. 

2. Th» semidiameter of the earth's shadow. 

3. The angle of the raoon's visible path with the ecliptic 

4. Moon's latitude. 

5. Mocm's hourly motion. 

6. Moon's semidiameter, 

T. The semidiameter of the moon and earth's shadow. 

H- To- find these elements, the approximate time of full moon 

? is found from TaHe XI, and the tables immediately con-- 

nected. For the time thus found, compute the longitude of 

the sun from Table IT, and the tables inimediately con- 

nected, as iUuatrate^ by examples on page 254. 

Oonipute, also, the latitude, longitude, horizontal parallax 
semidiameter, and hourly motron^in latitude and longitude, 
from the lunar tables, commencing with Table STI, and fol- 
lowing out the computation fey a strict inspection of the ex- 
amples we have given (^mles, aside from, the examples, wrndd 
he of no avail) ; and, if the longitude of the moon is exactly 
180" m advance of the sun, ft ra then jnst the time of fiill- 
moon; if not 180°, it i»not fdl mooH; if more than 180°, it 
k past full moon. 
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It wi]l rarely, if ever, happen that tlie longitude of the Caxt. i i- 
taoon will be exactly 180° in advance of the longitude of the 
son ; but the difference will always he very small, and, by 
meana of the hourly mttions of the sun and moon, the time 
of full moon can be def ermined by the problem, qf the cotmers.* 

The moon's latitude must be corrected for ita variation, 
corresponding to the variation m time between the approxi- 
mate and true tune of full moon 

To fiodthe aemidiamoter of the earth's shadow, where the ^"''"l^*! 
moon runs through it, we have the following rule ; >^ metei of ih* 

To the mom's honsot/tal paroUax, add the mn'«, and, from o'"'''' *'*■ 
the sura, subtraet /he siiw's semtdiameter. 

This role requires demonstration. Let S (Fig. S3) be 




the center of the sun, ^the center of the earth, and Pm a 
small portion of the Moon's orbit. Draw p P, & tangent to 
both the earth and sBn ; from p and P, draw PJS and p^ 
forming the triangle i>.ff P. 

By Inspecting the figure, we perceive that the three DemoniuB. 
angles: """ " *' 

SSp-i^EP-\^SP=\%f!i'>. 

Also, Ihe three angles of the triangle, P Ep, are, together, 
equal to 180'^ ; 

Therefore, 8 Ep-i^p E P-\m E P==P-i^-p^p EP ; 

Drop the angle, p EP, from both members of the equation, 
and transpose the angle SEp, we then have 
mEP=^t'-YP—SEp. 

■ fi.tiblDBOu'9 Algebra'— problem of tlis couriers. 



)v Google 



ASTRONOMY. 

But the angle, mEp, is the semidiameter of the earth's 

shadow at the diatanee of the moon; SEp is the aemidiame- 

ter of the sun; P, that is, the angle EPp, is the aioon'B 

horizontal parallax; andj) ig the horiaontal parallax of the 

sua; therefore, the equation is the rule just given.* 

" The angle of the moon's msiile path with the eoliptie is al- 

B ways greater than its real path with the ccHptie, and depends, 

■•■ in BOTne measure, on the relative motions of the sun and 



To explain why the real and visible paths of the moon are 
different, let AB (Fig. 54) he a portion of the cdiptJc, and 
Am a portion of the moon's orhit; then the angle, mAB, 
Fig, 54, 




the angle of the moon's real path with the ecliptic. Con- 
nve the sun and moon to depart from the node. A, at the 
to move from ^ to Jre in one hour, and 
A t b th t m loin b and m, 

Ih nfcl 



same time, thi 
the a t n 
and th ^1 
with th I pf wh h 
which th a 1 f th 
On t! p [1 w d t 
All th th 1 m t 



^ ' 



th agl 



visible path 

than th angle mAB; 

1 path w th the ecliptic. 

qu tion. 

tly f B the tables. 



* Some writers have directed ne to increase this yolue of tha shadow 
by its one-sixtieth part, but we emphatically deny the propriety Of the 
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CHAP TEE III. 

PBEPAKATION FOK THE COMPUTATION OF ECLIESBS. 

We shall now go ttrougli the computation in full, that it Chip. 
may serve for an example to guide the student in computing cot. 
other eolipses. "l"mii 





Mean N. Moon. 


I. 


II. 


„. 


IV. 


N. 


Tbe^ 


1851, 
Six Luna, 
Half Luija. 


Id. 14h. 21m. 
177 4 24 
14 18 22 


0038 
4851 
404 


3916 

4303 
5359 


40 
92 
58 


39 
95 
50 


431 
511 
43 


fnll 
oomira 




193 13 7 
181 


5293 


3578 


90 


84 


985 




As N IB within 25 of 1000, 
or 0, there must be an eclipse 
The sun is 15 short of tlie as- 
Dending' node, and tlie moon al 
full,'bejiig oppoaile, must be 15 

and Ihoreforo, in north latitude. 




July, 

li. 
III. 

IV. 


12 13 7 

3 35 

2 9 

14 

11 




Full® 


12 19 16 


deacend 













We now compute the sun's longitude, hourly motion, and 
seraidiameter for 1851, July 12, 19 h. 15 m. mean Greenwich p' 
time, as follows: sp 



1851 


July 
12 d 
19 h 
15m 


O H. Lon. 


Lon. Peri. 


L 


II. 


m. 


N. 

648 
27 
2 



9 8 32 39 

5 28 24 8 

10 50 32 

4649 

37 


a. ' " 

9 8 22 24 

31 

2 


958 
129 
371 

27 


250 
454 

28 



025 

310 

19 




485 


732 


151 


677" 


Eq. of cente 


3 IS 34 45 
r 1 39 38 


9 8 22 57 
318 3445 




n. 18 
ni. 20 


6 10 U 48 


= Mean anomaly. 


Eq. 


3 20 15 11 
equinox —16 


0's semidiameter, 15' 46" 


Olon 


3 20 14 55 










1 
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We BOW oomputo the moon's longitude, latitude, semidi- 
II aineter, horizontal parallax, and hourly motions for the same, 
■" mean Greenwich time, as follows: 



1. Write out the arguments for the first twenty equations, 
and find their separate sums. With these arguments eater 
the proper tables { as shown by the numbers), and take out 
the corresponding oijuations, and find their sum, 

2. Write out the evection, anomaly, variation, longitude, 
aupplemeut to node, and the several arguments for latitude, 
in separate columns, corresponding to the given time, and 
write Ike sum of the twenty preceding equations in the column of 
evection. 

3. Add up the column of evection first; its sum will be 
the corrected argument of evection, with which, take out the 
equation of evection ( Table XXIV ), and write it under the 
sum of the first twenty equations ; their sum will be the cor- 
rection to put in the column of anomaly. 

4. Add up the column of anomaly, and the sum m]l 
be the moon's corrected anomaly, which ia the argument for 
the equation of the center. With this argument take out the 
eciuation of the center from Table XXV, and write it under 
the sum of the preceding equations, and find the sum of all, 
i/iua/ar. Write this last sum in the column of variation, 
and Ihen add up the column of variation; which sum is the 
correct argument of variation, and with it take out the equa- 
tion for variation from Table XXVI. 

5. Add the equation for variation to the sum of all the 
preceding equations, and the sum will be the correction for 
longitude, which, put in the column of longitude, and the 
whole added up, will give the moon's longitude in her orhit, 
reckoned from the mean equinox. 

in G. Add the orbit lon^tude to the supplement of the node, 
"' and the sum is the argument of reduction to the ecliptic ; it 
id is also the first argument for polar distance. 
'° With the argument of reduction take out the r 
from Table XXVII, and add it to the ]( 
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With Mgaraent 19, which is the same os N in the solar ia- < 
ilea, take out the ecLuation of the ecLuiaox, and apply it ac- 
cording to its sign ; the result will he the moon's true longi- 
tude reckoned on the ecUplic from ihe true e<juvrMx. 



Add the same correction ( to its nearest minute ) to eolunin Genera] di- 
ll, as was added to the column of longitude, and add its "=tio"» *>" 
value, expressed in the 1000th part of a cirele, to all the fol- moon's i»ii- 
lowing columns, except column X. Add up these columns, wde. 
rejecting thousands (or fall circles), and the sums will he 
the 5th, 6th, 7th, Sth, 9th, and 10th arguments of latitude. 

The sum of the moon's orbit longitude, and supplement to 
node, is the first argument of latitude. The sum of column 
H is the second argument of latitude; the moon's true longi- 
tude is the third argument, and the twentieth of lon^tude is 
the fourth argument. Then follow 5, 6, &o., up to 10. 
With these arguments enter the proper Tables, and take out 
the corresponding equations, and their sum will be the moon's 
tru« distance from the north pde of the tdiptk, aud, of course, 
will be in north latitude if the sua is less than 90°, otherwise 
in south latitude. 

N.B. When the first arpument of latitude is mwer 6 signs 
than, 12 signs, the moon is tending sotd/i ; when nearer 12 signs, 
or sign, than 6 signs, it is Unding north. 

For the equatorial horizontal par^las:, — The arguments for BqnaioiiBi 
Eveotion, Anomalj, and Variation are aiso arguments for p"^'»" ^"^ 
horizontal parallax, and with these arguments take out the ki iiepend 
corresponding equations from the tables adapted to this "pon each 
purpose. 

For the semidiomder. — The equatorial parallax is the ar- 
gument for somidiameter, Table XXXIV. 

For the hourly motion in longittide. — Arguments 2, 3, 4, and GsBetai di- 
5 of longitude sensibly aSeet the moon's motion ; they are, "°'^°^' ^ 
therefore, arguments for hourly motion. Table 36 ( the units homiy mn- 
and tens in the arguments are rejected). Take out those"™ "^ '■''* 
equations from table, also take out the equation correspond- 
ing to the argument of eveotion, Table XXXVII. With the 



)v Google 



ASTRONOMY. 

:. sum of the preceding equations, at the top, and the oorrecteiJ 
anomaly at the side, ta]ce out the ec|uatione from Table 
XXXVIII. Also, with the correct anomaly, take out the 
equation from Table XXXIX. With the sum of aJl the pre- 
ceding equations at top, and the argument of variation at the 
Bide, take out the equation from Table XL. Also with 
the variation, take the equation from Table XLI, With the 
argument of reduction take out the equation from Table 
XLII. These equations, all added together, will give the 
true hourly motion in longitude, 
f,. For the hewrly motion in latitude. — With the lat and 2d 
le arguments of latitude, take out the corresponding quantities 
l from Tables XLIII, and XLIV, and find their algebraic sum, 
le noting the sign; call the result I. 

Then make the foOowing proportion : 

32' 56"' 



32' 56" 



th t 1 ly motion in latitude, tending north, if the sign 

j}l d th, if minua. In this proportion L is the true 

m t f th moon in longitude, and the first terra is the 
m m otion; and the proportion is founded on the 

principle that the true motion in latitude must vary by the 
same ratio aa the motion in longitude. 

N. B. In computing the moon's latitude we caution the 
pupil against omitting to add to the arguments 11, V, VI, 
VII, Vin, and IX, the same correction as to the column of 
longitude ; its value must be changed into the decimal division 
of the circle for all the columns except column II. 

In the following example the correction for longitude is 
added to column II, and its value to all the following columns 
except column X. 

We find the value in question thus : 

360° : 13° 46' : : 1000 : x. 

The proportion resolved gives 3;=thc number added to 
the several columns. 

But to avoid the formality of resolving a proportion for 
every example, we give the following skeleton of a table that 
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271 


may be flllecl out to any esteBt to suit the c 


j)nTenience 


and Ghif.iii. 


taste of the operator. 






Degrees = decimal parts Degrees 


= parts. 




15 = .003 5 24 


= .015 




1 26 = .004 7 12 


= .020 




148 = .205 9 


= .025 





2 31 = 



To maJko i; 



.035 
.040 
.045 



10 48 

12 36 

: .COS 14 24 

: ,009 16 12 

■- .010 

e of this tahlc, we will suppose that the cor- 
rection for longitude, in a partioukr example is, 11° 31' 25"; 
what is the corresponding decimal or numeral part? 
Thus 9° = .030 

2 31 == 7 



11 81 



.037 



Wc no' 
precepts. 



continue the examples, hoping to follow these 
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ASTRONOMY. 

The moon's longitude, as jufit computed, will be y 20 15 9 
The sna's longitude, at the same time, will he 3 20 14 55 
The difference wiU bo - - - 6 14. 

, Therefore, at the time for which these longitudes were 
computed, the moon will be past her full by 14" of are : to 
correct the time, then, we must find how muoh time will be 
required for the moon to gain 14"; which, by the problem 
of the couriers, is 

_ ____ 14 _ U" _ 14 

'— (30.54}^r(2.23)~28^r'~i7Tl' 
"' The unit for t is one hour, and the denominator of the frae- 
tiou is the differenoe of the hourly motions of the sun and 
lis moon, aa determined by the tables ; the result is 29 seconds 
"^ of time to be snbtraoted. 
'it The G-reenwieh time will be, 1851, July 12d. 19h. 15m. Os. 

-a. Subtract - - - 29_ 

Tmo time of full moon - - 12 19 14 81 

But the time given by the lunation table was 19 h. 14 m., 
differing only 31 seconds from the t t th pp 

mate and true time, however, do t m If d 

near as this : if they did, none but th m t ^ d ti 
mer would use the lunar tables for th t t j t 
opposition. 

To be very exact wo must correct th m 1 1 1 d f 

what it will ^ary in 31 seconds; th t th in 

it 4".5. The moon's latitude, at th t m f f U m 
therefore, 37' 17".4. 

We have now all the elements lie j f mp t g the 
eclipse, or, at least, wo have all tb m t If fi 1 g 
them, and, for eonvonierice, we col! t th 1 m t t th 

1. True time of full moon, July, li 19 14 dl 

2. Semidiametor of earth's shadow 

( page 265 ), - - - - 39 o9 

3. Angle of the moon's visible path 

with the ecliptic,* - - - 5 38 26 

■ This 13 the angle of the baso of a right-augied trianglu, wliose basa 
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4. Mooix's latitude N. descending, - - 37 17.4 

5. Moon's .hourly motion from the aun, - 28 31 

6. Moon's semidiameter, ... 15 4 

7. Semidiameter of ^ and earth's ehadow, 54 43 
Whenever the moon's latitude, at tlie time of full moon, is 

leas than thid last element, the moon must be moro or less 
eclipsed ; and it is by computing and comparing those two ele- 
ments, viz., 4 and 7, that all dmAtfui cases are decided. 

TO COKSTiniCI A LUNAR ECLIPSE. 

From any eonvenieat scale of equal parte, take tliu 7tli ele- 
ment in your dividers (54 43) = 54j, and from G, as a center ■" 
with that distance, describe the BemioireleSi)Zr^ (Pig. 55). tn 
Take CA = the 2d element, and describe the semidiameter '" 
of the earth's shadow. From C the center of the shadow, 
draw On at right angles io B E the ecliptic, above .B.S' when so 
the latitude is north, as in the present example, but below, " 
if south. ji, 



Fig. 55. 




Take the moon's latitude from the sealo of eciual parts, 
and set it off from C to n. Through » draw BnB, the 
moon's path, so that the line shall incline to BE, the ecliptic, 
by an angle equal to the 3d element. Conoeive the moon's 

l9 the hourly motion of the moon from the sun (28' 31"), and (he per- 
pendicular, the moon's hourly motion in latitude (3' 49"). See 
page tMG, figure 54. 
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center to run along the line from D to ff, and from draw 
Om perpendicular to Dff. 

"When the moon is ascending in her orbit, D Hwasi incline 
the other way, and Cm must lie on the other side of Cn. 

The eclipse oommences when the moon arrives at I>. It is 
the time of full moon when it arrives at n; the greatest ob- 
scuration OGOufs when it arrives at m, and the eclipse ends at 
H, The duration is the time employed in pasMug from D to 
H\ and to find the duration apply DSio the scale, and thus 
B- find its measure. Divide this measure by the 5th element, 
" and we shall have tbc hours and decimal parts of an hour in 
lo the duration. Also apply Dn to the scale and find its mea- 
"■ sure. Divide this measure by the 6tb element, for the time 
of describing Dn, also divide the measure nif {or the time of 
describing nff. 

The time of describing Dn, subtracted from the time of 
full moon, will give the time of the beginning of the eclipse; 
and the time of describing nil, added to the time of full 
moon, will give the time when the eclipse ends. 

With lunar eclipses the time of greatest obscuration is the 
instant of the middle of the eclipse, provided the moon's mo- 
tion from the sun, for this short period of time, is taken as 
uniform, as it may be without sensible error. 

In reference to this example Z>n = 36' and nS'=^44'> 
These distances, divided by 28' 31", give I h. 14 m. 16 s. for the 
time of describing Dn, and Ih. 82m.40s.for m//: wholS 
time, or duration, 2 h. 27 m. 20 s. 
^ h, m, B. 

i,; Therefore from fte time of full # 19 14 31 

'" Subtract - - - 1 H 16 

Eclipse begins - ■ - 18 15 

Add the duration - - 2 47 20 

Eclipse ends - - - 20 47 35 

i° Thatis,inl851, July 12d. 18h. Om, 15 s. mean astronO" 
mical time, the eclipse begins; but this time corresponds with 
July 13, at 6 b. m. in the morning; and at this time, the aiin 
will be above the boriton of Greenwich, and, of course, the 
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full moon, which is always opposite to the sun, will be below chip. 
the horiaon, aod the eclipse will be iorisible to all Europe, ^^j^ 

la the United States, however, the eclipse will be TiaiblejthaU.s, 
for, at these points of absolute time, the sun will not have 
risen nor the moon haye gone down; hut, to be more definite, 
we demand the times of the beginning, middle, and end of the 
eclipse, as seen from Albany, N. Y. To answer this demand, 
all we have to do, is to subtract from the Greenwich tune the 
difference of meridians between the two places, which, in this 
case, is 4 h. 55 m. ; aod the result is. 

Beginning of the eclipse 13 d. 1 h. 5 m. morning. 

Middle - - ' - 2 30 

End of the eclipse - - 3 52 „ 

In the same manner we would compute the time for any 
other place. 

For the quantity of the eclipse we take the poftion of The q 
the moon's diameter, which is immersed in the shadow, "'j' "^ 
at tho time of greatest obsouratioa, and compare it with comA. 
the whoJe dtametef of the moon ; and in the present ex- 
ample, we perceive, that more than half of the diameter is 
eclipsed — about 7 digits when the whole is called 12, or 0.6 
when the diameter is 1. 

All these results, however, except the time of full moon, 
are approsiioate, because we cannot, nor do we pretend to 
eonsintcl to accuracy ; hd any mothemodcian can obtwn accurate 
results by means of the triaagies J) OS and Onto, and the 
relative motion of the moon from the Sun. 

Jn the right-angled triangle Cnm, right-angled at m, Cm Tbs « 
is the latitude of the moon = 3t' 17".4 = 2237".4, and the '=™p"" 
angle n Cm = 5° 38' 26" ; with these data we find m « = "J^T'J 
^20", and (7m = 2212" ^=«p"- 

In the right-angled triangle Dm, or its equal CmB,vio 
have - - Cm'+mB^^CM'; 

Or, - - mH^=GH^ — Cm-'; 

Or, - - mIP={CH-{'07n,'){CB—Cm-). 

CHis the 7th element = 3283", and Cm, = 2212".6. 

Therefore, m H= J ( 5495 ) ( 1071 ) = 2426" TUb 
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'; '" - divided by 1711", the 5tli clement, gives the time of lialf 
the duration of the eclipse Ih. 25m.; therefore the whole du' 
ration is2]i. 50m., which is 2in. 40 s.morethan tho time we 
obtained by the rough comlracimi. 

The distance nm, as just determined, is 220'', and the time 
of describing this space, at the rate of 1711" per hour, re- 
quires 7 m. 52 3., which taken from and added to the semi- 
duration, gives 1 h.l7Hi. 8 s. from the beginning of the eclipse 
to full moon, and 1 h. 32 m. 52 a. from the fall moon to the 
end of the eclipse. 
Bipj- 'poi the magnitude of the ecHpae,we add the mooD's semi- 

taiioD diameter in seconds ( 904" ) to Cm ( 2212" ), and from the 

magni- gum subtract the senudiameter of the shadow in seconds 

i^ ' ° ( 2379 ), and the remainder is the portion of the moon's di- 
ameter not eclipsed. Subtract this c[uantitj from the moon's 
diameter, and we shall have the part eclipsed. Divide this 
by the whole diameter, and the quotient is the magnitude of 
the eclipse, the moon's diameter being unity. 

Following these directions, we find the magnitude of this 
eclipse must be 0.587. 
™"" In all these computations we were guided by the construc- 

int tion; which will always prove a si^dent index, and oil that 

° "^'^ should be required. 

metii- ^^ °'^y determine, in any case, whether the eclipse thII or 

npoia will not be total, by the following operation; 

Subtract the ft's somidiameter from tbe semidiameter of 
the shadow, and if tbe moon's latitude, at th6 time of full 
moon, is leas than the remainder, tbe eclipso will bo total, 
otherwise not. 

Tojind the dwaiion qf toted darkness. — Diminish the aemi- 
diameter of tbe shadow by tbe semidiameter of the moon, and 
from the center of the shadow describe a circle, with a radius 
equal to the remainder; a portion of the moon's path must 
come within this circle ; that portion, measured or divided by 
the hourly motion, will give the time of total darkness. 

When the moon's latitude is nortb, as in the present ex- 
ample, the southern limb of tbe moon is eclipsed — and con- 
versely. 
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CHAPTER IV. 



SOLAK ECLIPSES- 

The elements for a solar edipse are computeii in the same Chap. iv. 
snanner aa the elemeata of a lunar eoUpee ; all of which are ocneiai a- 
found by the solar and lunar tables. rections to 

The approximate time of new moon is first C(Mnputed, and msnij. 
for this time, compute the sun's longitude, declination, paral- 
lax, Remidiameter, and hourly motion; and for the eame 
time compute the moon's longitude, latitude, hourly motion in 
longitude and latitude, horizontal parallasi and seraidiameter. 

If the longitudes of both sun and moon are found to be the 
.same, then the approximate time of conjunction ; found by the 
Junation tahles, Is the same as the true time; if not, we pro- 
portion, to the true time, aa described in the last chapter. 

The elements for a genera] solar eclipse are; 

1. The time of ,i * at some known meridian. 2. Longi- whai »>*■ 
tudo of and C- 3. G's declination. 4. #'s latitude."^"" °'^ 
5. O's hourly motion. 6. <)'s hourly motion in longitude. 
7. ft'a hourly motion in latitude. 8. The angle of the ft's 
"visible path with the ecliptic. 9. ©'e horizontal parallax. 
10. C's scmidiaraeter. 11. o's semidianieter, 12. Q's 
lioriaontal parallax. 

For a local eolapse, the latitude of the particular locality 
must also be given, or coneidered as one of the elements. 

As we can best iHuetrate general principles by taking a a definite 
particular exxmpls, we now propose to show ihe gejxroi course "^^^ ' ^"" 
vf an eclipse qf ihe sun, wUdk wSl wcur in May 1854; lelhere 
it teill first commence on the earth; in what ialt^ide cmd lot^- 
tude the sun mil be cenlndly edipsed at noon, and where; m 
what latit^ide and lonffUude tin eclipse will fincdly leave the earth. 

We speak of an eclipse of the sun being on the earth; by someieco- 
TO mean the moon's shadow on the earth. If an observer ' ^" "'' 
the moon's shadow, of course, the sun would be in an oationi. 
o to hiai; and, if a tangent line be drawn between the 



thi 
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'■- sun and moon, and that line strike the eye of an. observer Oft 
the eartli, to tliat observer the limbs of the sun and moon 
would apparently meet, and all projections of eelipaes are on 
the principle of lines drawn from some part of the sun to 
some part of the moon, and those lines atriiing the earth- 
When no sucli lines can atrike the earth there can be no 
eclipse For the aate of simplicity in explaining a projection 
of a solar eclipse, whether it be general or local, an observer 
is sup])03ed to be at the moon, looking down on the earth, 
viewing the moon'a ahadow aa it passef over the eartt's disc; 
and, of course, the earth to him appears as a, plane, ec[ual to 
the moon's Jiorizontal paraUax. 

The approsimato time of new moon will be found com- 
puted on page 254, and, if very close resnllB are not req^uired, 
we may compute the sun's longitude, declination, hourly mo- 
tion, and semidiametor for this tiftre, and take out the moon's 
horizontal parallax, honrly motion, and aemidiameter from 
Table IX; but we have' computed the elementa more accu-f 
lately by the lunar tables, and find them as follows : 

a. h. m. s. 
1. G-reenwich mean time of cJ 1854, May 26 8 45 39 

.t« 2. Lon. of G> and «) - - -■ 65" 14' 6" 

^'" 3, Declination of the © -■ - 21 11 43 K. 

4, Latitude of the' © ^ - . 21 19 N. 

'" 5. o'a hourly motion in Ion., - - - 2 24 

6. H'a hourly motion in Ion., - - - 30 3 

7. ft's hourly motion in lat., tending north, 2 46* 
From 5, 6, and 7 we obtain 8, as explained 

in the laat ebapter. 

8. Angle of the moon's visible path o ' " 

with the eclip., - - - - 6 42 50 

9. The C's horizontal eijuatorial parallax, 54 30 

10. The ()'s aemidiameter, - - 14 51 

11. The g's semidiameter, - - 15 48 

12. The O's horizontal parallax always taken at 9 
Add together the G's horizontW parallax, the f)'a hori-^ 

zontal parallax, and tho seraidiameters of O imd #, and iiF 
the moon'a latitude is less than this sum, there will be arp 
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ftellpSe, Ottbfft'iee not; and it ia by comparing this sum with cm-^.w. 
the moon's latitude tftat all dmMful cases are decided. 

TO CONSTRtrCI A QBIfERAL ECLIPSE. 

L Make, or procure, a convenient scale of ec[ual parts, and 
from any point as C ( Fig. 56 ) with the radius CB, ecjual to 
the difference of the parallaxes of Q and 4) (in the pre- 
sent example 54' §1", the minute is the unit ), describe the 
semicircle C B P S, or the whole circle, when the case re- 
quires ll. When the moon has snlall latitude (less than 20') 
descrihe the whoKi circle ; when the moon has large north lati- 
tude, describe the northern seaiiciri3le; when soaifi, descrihe the 
Southern semieircle. 

Through Cdraw VODPL perpendicular to .S .5. This 
J)erpendldnlar will represent the plane of the earth's axis, as 
seen from the moon. 

From -P take PA, P^, eacli equal to the obliquity of the 
ecliptic 23° 27' 30", and draw the chord Ai". 

On ^i*i as a diameter, descrihe the semicircle ALF. g^^ &^t^i 

2. Find the distance of the sun from the tropic, nearest to of His ociip" 
\t, hy taking the ^ffecenoe between the sun's longitude and ""■ 
90° or 270°, as the case may be. In the present example wo 
subtract 65° 14' from 90°, the remainder is 24° 46'. Take 
L f, equal to 24° 46^ and draw TS parallel to i G. Draw 
C E the axis of the ecliptic. 

By the revolution of the earth round the sun, the asii of The uii 
the eollplae appears to coincide with the axis of the equator "j^' ^j^'^j's 
wheu the Bun is at either tropic, and it appears to depart in|)<niii»a. 
from that line by the whole amount of the obliquity of the 
Ecliptic; and the time of this greatest departure la when the 
Bun is on the equator.- That is, GE runs out to G A at the 
Vernal equinox, and runs out to C F oX the autumnal equi- 
nox. As a general rule, OS, the axis of the ecliptic, is to 
the left of OP, the axis of the equator, from the 20th of De- 
cember to the 20th of June, and to the right of that line the 
rest of the year. Draw G G the axis of the moon's orbit, so *'»" w ^"4 
that the angle Q G S shall bo equal to tho angle of the ,;,° laalXr. 
taoon's visible path wiih the ecliptic, and C 6 vein the left Qf tii. 
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■ CJFwhen the eclipse ia about the ascending node, as in tliia 
example, but at the riglit when the eclipse is about the de- 
cending node. 

For this projection to appear natural, the reader should 
face the north, so that ff will appear to the west, and £ on 
the east of the fignre. 

The shadow of the moon, across the earth is from a western 
to an eastern direction, therefore, the moon is ooneeived to 
come in on the earth froai the west side. 

"" The point ie perpendicular to the sun's declination, smd 
CVis the sine of the declination, and the curved line HVB 
is a representation of the equator as seen from the moon. 
When the sun has no declination, the equator draws up into 
a straight line. 

^0 3. Take C« from the scale of eijual parts, making it equal 

'" to the moon's latitude, and through the point ra, and at right 
angles to C Q, draw the line Aimjjj'^j, which represents the 
center of the shadow, or the moon's path across the disc. 

From C as a center, at the distance C 0, describe the 
outer semioirole, equal to the sum of the moon's horizontal 
parallas, the sun's borizontal pavallas, and the semidiameter 
of both sun and moon; then OM is the semidiameter of the 

When the eclipse first commences, the center of the moon 
is at k, and the center of the sun is on the circumference of 
the other circle, in a direct line to C, not represented in the 
figure, thei-efore, the two limhs must then just touch. 

As is the center of the earth, and ff on the equator, 
therefore CR is a line in the plane of the equator, and the 
point A is a little below the equator; which shows that the 
eclipse first commences on the earth a little south of the 
equator. 
=■ The time that the eclipse is on the earth is measured by 
'I the time required for the moon to pass from A tog with its 
true angular motion from tho sun. 

The length of this line, k q, can be found from the ele- 
ments, and trigonometry, as In. an eclipse of the moon, and 
8 found in the same way. 
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•^- When till" ranun's center comes to I, the central eclipse 
tod*- commencea, and the arc ffl shows that it most be about in 
° '." the latitude of 7° north. When the moon's center comes 
tha to r, the sun will be oentially eclipsed at apparent noon; and 
"'" Or is the sine of the number of degrees north of the sun's 
,^ declination, which, in this case, is about 23°; hencB to the 
ff tiiB sun's declination, 21° 12', add 23°, malting 44° 12'; showing, 
as near as a mere projection can show, that the sun wil! be 
centrally eclipsed at noon on some meridian, in latitude 44° 12' 
north. The central eclipse will end, or pass off the earth, 
when the moon's center arrives at_p and the arc Bp from the 
equator.sbowsthattholatitudenjustbe about 41° north. The 
eehpse will entirely leave the earth when the moon's center 
arrives at q, and for its limb to touch the sun, the sun's cen- 
ter must be at A, and the arc B h shows that the latitude 
must be about 30° north. 

The lines, cd and ai, parallel to the moon's path, and dis- 
tant from it ec[ual to the sum of the semidiameters of sun and 
moon, represent the lines of simple contacts across the earth, 
or limits of the eclipse ; c rf is the southern line of simple con- 
tact, and oi is the northern line of simple contact, and the 
latitudes at which these lines mahe their transits over the 
earth, are determined precisely as the latitudes on the cen- 
tral line. 
"""J But we need not stop at coarse approximations; we have 
ompn- al! the data for correct mathematical results, on the same 
''I principles as we determined those in relation to a lunar eclipse. 
'^' III the triangle Cnr, we have the side Cm, the moon's 
latitude in seconds, which may be used as linear measure, as 
yards or feet and in proportion thereto, we may compute Cr 
and nr, when we hnow the angle nCr. 
eqni. ;gy^ jjjg following equation always gives the tangent of the 
„ of angle B CD or n Or, calling the sun's distance from the sol- 
;'' "f stice D, the obhquity of the ecliptic E, and the radius unity. 
""'°' tan. ^Ci>=t3n.^sin. D.* 

» The student who has acquired a little ekill in analytical Irigono- 
melry can discover the preliminary stops to this equation; the princi- 
ples are ull visible in the construction of the fignre. 
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To tbe angle ^Oi), add tie angle (?C£; the angle of the chap iy 
moon's visible path witk tbe ecliptic, and we have the whole 
angle Q C D„ or m Or. Cmn is a right angle; and in the 
two triangles Omn and Omr, we have all the data, and can 
compute nr and r 0. 

"When the moon arrives at »w, it is in the line of eonjnnetion 
in her orbit ; when it arrives at w, it is in ecliptic conjunction ; 
and when it arrives at r, it attains cot^imclkm m right as- 

For the last six or eight years, the English Nautical Al- Sftem 
manao has ^ven the conjunctions and oppositions in right as- uie Engiuh 
cension, in place of conjunctions and oppositions in longitude, Mauiicai Al- 
and has given the difference of declinations between the sun 
and moon, in place of giving the moon's latitude ; that is, it 
has given the time that the moon arrives at r, in place of n, 
and given the line Cr in place of On. 

All lunar tables g tl l[t it t nd from 

this we can compi ti tb t m t by ai f tb triangle 

Cnr. 

Having explwn d tb p pi t fi d ng tb 1 tude on 
the earth, when a lai 1 p fir t mm ^ w ire now 
ready to show anotl p t t pn jl — h w t find the 

longitude ; and wthth Ittd dl gtd w have the 
esaot point on the th 

Where an eclip fi t mm th irth it com- Thamoiiiod 

menoca with the r si g n, d fi 11> 1 th rth with "on-liuSj 

the setting sun. I th mpl w h d id d that the wii^c iim 

eclipse must comm t th q t t more than H^^H ^, 

one degree south ; b t th t 1 1 1 d th n at 6 b. csnh. 

A. M, apparent tim th t t th pi wh tl e eclipse 
commences, it is s s th m g PP 1 1 m 

From the scale of equal parts, take the moon's hourly mo- 
tion from the sun in the dividers (27' 39"), and apply it on 
the line Jfcg; it will extend three times, and a little over, to the 
point n. Thip shows that three hours, ami a little more (we 
say 3 h. 3 m J must elapse from the first (commencement of 
the eclipse to the change, of the moon at n. Hence, by the 
!ooa] time at the place «t the commencement of the eclipse. 
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Chip. IV. {Jig moon changes at 9 L 3 m. in the morning, apparent time J 

hut the apparent time of new moun at Greenwich ia 8 h. 49 m. 

p. M., making a difference of 11 li. 46m. for mere locality: 

the abaolute instant is the same; the difference is only in 

meridians which correspond to a difference of longitude of 

175° 30'; and it ia west, feecause it is later in the day at 

Greenwich. 

Thf mdthod ijij^g central edipse also first comes on the earth at a placu 

wiiBiB ite where the sun is rising. Ia this example it first strikes the 

canirai earth at the point I, in latitodo about 7° N.; hut, in latitude 

"rtk^ iha 7° N., and declination 21° N"., the sun rises at 5h 4Sm., 

•Mtb. A. M. apparent time ( Proh. II ); and from that time to the 

change of the moon, namely, the time required for the moon 

to move &om i" to m, is ( as near as we can estimate it hy the 

construction ), Ih. 56 m.;- therefore, the time of new moon, in 

the locality where the central ccKpse first commences, is 7 h. 

14 m m the morni g 1 rom this to 8 h. 49 m. jn the even- 
ing the time at Gicenwich, gives a difference of 13h. 5m., 
reckoned eastward from the locality , orlOh. 55ra. reckoned 
westward which corresponds to 196° 15' west longitude from 
Greenwich or 163° 45 east longitude; the meridian ia the 
same If the longitude is called east, the day of the month 
must he one latei hut to avoid this, wo had hotter call the 
kngitudo waf 

Tofind he Where the sin is centrally eclipsed on the meridian, it ia 
long! ode ^^g|. j2 -apparent time, the moon's center ia then at r, and, 
sun I be hy the construction it must be about seven minutes after 
""" *'' conjunction m that locality; hence, the conjunction ia seven 
noon minutes bet ro 12 and at Greenwich it is 8 h. 49 m. after 12, 

gixing 8h 5t)in toi difference of longitude, or 134° west 
longitude 

The cent d eclipse will leave the earth with the setting 
sun when the center of the moon and aun are both at p ; but 
the latitude f ^ Wo decided to be 40° north, and in this 
latitude when the Bins declination ia 21° II' as it now 

15 the sin sets it 7h 15 m. apparent time; but this is 
Ih 40 m after conjunction, therefore the conjunction in 
tl Tt b ihty must be at 5 h. 85 m. ; but, at Greenwich, it is 
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8h. 49in., giYHig, for difference of longitude, 31i. 14 m., or ch 
48° 80' west. 

The eclipse flnally leaves the eartt in latitude 46° nortii; Ti 
hut, in this latitude, tlie sun seta at 6 h. 51 m.,, and the con- ^^ 
junction will be 3!i, Om sooner (the t me rec[u ed for the ec j 
raooB to pass from n to g) thereiore the o njun t on n this " 
locality muBt he at 3 h 51m 1 ut at GreenT ch t wdl be 
8h, 49 m., giving 4h. 58 m for difference of long t de or 
74° 30' m«t. 

Thus, by the mere gpo retr cal co t uct n we have 
roughly determined the foil w ^ mjiortant j.art ulws 

Eclipse commences, May 2b, 5 46 18. 175 30 W. ^ 

Cen. eclipse commences, 6 53 7 N. 196 15 W. tZ 

Cen. eclipse at local noon, 8 66 46 134 00 W. "- 

Cen. eclipse ends, 10 34 40 48 30 W. "^ 

End of eclipse, 11 46 30 73 30 W. 

To find the latitude of the first commencement of simple ''^ 
contact on the southern line, aJl we have to do is to find the ,„„^ 
are .Hcjaud for the latitude on the northern Kne, we find the noiU 
are Ma ; the point e ia in latitude about 27° south, and a in JJ^" 
about 54° north. 

The southern line of simple contact leaves the earth at d, 
between the seventh and eighth degrees of north latitude, and 
the northern li p ff b y 1 th p 1 

We have, thu f t k th dt b t pi sim t ly 

from the proje t n nd th p j t n uffi t t ( ac/t 
m prindpies ; d t must b u g d f w ttnptt b- 
tain more minut dt a 1 w th th I n a d th flgn e 
wo have the wh 1 ulj t b f us m ut ly a u ate 
as it is magnificent, and as simple as it is sublime. 

To complete our illustration, we now go through the trigo- 
nometrical computation. 

^ In the triangle C«m, we have Ck=21' 19"=1279, the 
angle j»C7i=5° 42' 50", and the angle m a right angle. 

Whence C»j=1273", and mw=127".3. 
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- taa. E CD=n C'r=t&u. (23° 27' 32") sin. (24° 45' 54") 
(page 284). 
Whence S CD= 10° 18' 8", 

i- Add G CE= 5° 42 ' 5Q", 

' gum is GCD=mGr=\Q° 0' 68". 
'■ In tlie triangle mCr, we have Cm (1273), the perpendicu- 
lar, and the angle m Or as just determined; whence, 
OT7-=365".S; Cr=1324".3. 
In the triangle Cmp, Cp is the horizontal parallax of 
moon and sun (54' 30")— 9", or 54' 21"=3260". 

By the well-known property of the right-angled triangle. 

Or m,p'=^Op^-'Gm^={Cp+Gm) {Cp—Cm), 



That Is, TO^=:^(45ai)(1987)=3001".7. 

Therefore, Ip, the whole chord, is 6003".4, which, divided 
hj 1659' (the moon's motion from the sun), gives 3.616 h. 
or 3 h. 37m, 40s. for the time that the central eclipse will 
he on the earth. 

In the same roaniier the line mg is found. 



That is, mg=J(^Og+Cm)(Cq—Cfn.), 

But, Cq=54' 21"4-14' 5il"H-15' 48"=51flO". 



Or m5=^(6373)(3827)=4938".3. 

Therefore, the whole chord, !cq, is 9876.6, which, divided hy 
1659", gives 5 h. 57 m. 20 s. for the entu-e duration of the 
general eclipse on the earth. 

On the supposition that the moon's motion from the sun is 
uniform for the sis hours that the eclipse will be on the earth, 
i path will he passed over by 



the 
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The apparent time of ecliptic conjunotion, at Greenwich, cm; 
as determined by the tables ( and appljing the equation of ""~ 
time), is at 8h. 49 m. Os. 

Subtract from k to ecliptic (j , 3 3 30 

Eclipse commences, Greenwioh app. time, 5 45 30 
Central eclipse commences (add 1 9 54), 6 55 24 
Sun centrally eclipsed ore some meridian, or 

(j in right ascension, Greenwich time, 

at (add 2 2 36), 8 58 00 

Central eclipse ends at (add 1 33 58), 10 33 48 

End of eclipse at (add 1 9 54), 11 43 41 

Bj comparing tliese times with those obtained simply by a 
the projection, we perceive that the projection is not far out ?""*'' 
of tbe way, notwithstanding the terms r<mffh and roughly that ,j,,^ . 
we hare been compelled to use concerning it. Indeed, a good g^"™ 
draftsman, with a delicate scale and good dividers, can decide '"'''"' 
the times within two minutes, and the latitudes and longitudes 
within half a degree; but all mathematical minds, of course, 
prefer more accurate results; yet, however great the care, 
dbsobite acem-aq/ cannot be attained ; the nature of the case 
does not admit of it.* 

To find whether the point h is north or south of the equa- 



rhe astronomer, by making use of lii: 


i Judgment, can bo very ac- 


te with very littlo trouble; ho perci 


^ives, at a glance, what ele- 


a vary, and what Iha effects of such ya 


rialion will be; but a learner. 


is supposed not to be able to lake a 





whole subject, must go through the tedious process of computing the 
elements for the times of the beginning and end of the eclipse, as well 
ea the iXma of conjunction, if he aims at accuracy, but an astronomer 
can be at once brief and accurate. In computing the moon's longi- 
tude, in the praaent euamplo, the astronomer would notice in particu- 
lar the moon's anomaly, and, by it, ho perceives whether the moon's 
hourly motion is on the inerease or decrease, and at what rate. 

It is on the decrease, and the first part of the chord int is passed over 
by the moon in about T seconds less time than oat computation 
made it, and the last pert' requires about 7 seconds longer time ; but 
the times of passings and n should be considered accurate, and the 
limes of beginning and end should be modified for the variation of 
the moon's motion, making the beginning and end 7 seconds later, and 
tbe beginning and end of tlie central eclipse about 4 seconds later. 
19 Y 
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I- tor, we conceive h and joined, and if tbe angle m Ck ia 
greater than the angie m CH, the point h is south, otherwise 
north. 

By trigonometry, Ch : hm : : sino 90° : sine mCk; 

Or, 5138 : 4!»00".3 ; sin. 90 : siii.m Ck=1b 81 20 

To this add <? Ci), - - - . 16 58 

Sum is the angle /C;i - - - 9132 18 

This angle shows that the eclipso will first, touch tlie oarth 
in latitude 1° 32' 18" south. 

To find the arc HI, conceive the points Gl joined, and the 
two triangles Olm, tn Cp are eijual. 

And Gl -.Im: : sin. 90° : mGl; 

Or, 3261 : 3003,7 : : sin. 90 : sin 

To this add (? (7 D, 

The sum is, - 
thB This angle shows the latitude of the point I to he 6° 51' 
" 12" north. That is, the central ecKpse first touches the 
earth in 6° 51' 12" of north latitude; differing very little from 
tho point determined by construction. 

To find the latitude of the point p, we have mOl = mCp 
= 67° 7' 50"; and suhtracting 16° 0' 58", we have tho 
polar distance, or co-latitude; the result is, that the central 
eclipse passes off at latitude 38° 53' 8" north, and the gene- 
ral eclipse entirely leaves the earth in Jatitude 30'' 25' 38". 

To find the latitude of the point r, we consider Or to he a 
sine of an are, and C P the radius. 

Therefore, 326 1 " : 1324".3 : : R : sin. ai = 23 58 00 
To this add the sun's declination, - 21 11 43 

Sura is latitude where the sun will be 

centrally eclipsed on the meridian, - 45 9 43 N. 
And Wherever the sun is centrally eclipsed on the meridian, it 
aflo is apparent noon at that place, but at Greenwich tho apparent 
'T time is 8 h. 57 m. 37 s., s. m. ; this difference, changed into ion- 
ttai- gituJe, gives 134° 25' west, within a degree of the result de- 
^""termined from the projection; and it is not important to go 
' over a trigonometrical computation for the longitudes, since 
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we are sure of knowing how tfi do it; and wo arc alaO sure ( 
that the results will not differ much from those already de- 
termined. 

In short, from tbo elements, the figure, and a knowledge 
of trigonometry, we can determine all the important points in ^^ 
each of the throe lines cd,kq. and ah, for hetwocn ttein we 
haYo, or may have, a complete nd-work of plane triangles. 



CHAPTEE V. 



■\Ve now close the subject of eclipses by showing bow to < 
pro}eet and aeeurateiy compute every circumstance in rela- 
tion to a local eclipse. 

For an example, we take the eclipse of May, 1854, and for 
the locality, we take Boston, Mass., because we anticipated a 
central eclipse at that place, but the result of computations 
shows that it will not be quite central even there. "VVo use 
the same elements as for the general eclipse. 



Draw a line CD, and divide it into 65 equal parts, and tjib i 
consider 'ip'' '■ npd to one minute of 

the moo 1 t I par 11 F m C as a center, at a 

distance q 1 1 th d ff f p 11 t the sun and moon 
(54 21)d b m 1 tb utb according to 

the latit d d b wh 1 I f the latitude is near 
the equate 

From G draw Cgs, the universal meridian, at right angles 
to CD, and from ^ take ge t and gg ^, each equal to the 
obliquity of the ecliptic ( 23^^ 27' ) and draw the straight line 
■V^, ^cs on the right. Subtract the sun's longitude from 
90° or 270° to find its distanee from the nearest solstitial 
point, and note the difference (in this example 24° 46'). ,^j ^^ 

From the point a, with a^ as radius, make « G equal to ecHpii. 
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chap^ the Bine of 24° 46'>* and join C G, and produce U to J'; CM 
is the asis of the ecliptic: this line is variable, and is on tha 
other side of the line Cgs between June 20 and Deeem- 
her 21. 
How lo find From .ff take the arc £!L equfll to the moon'8 visihie path 
iha ifiooii'a with the ecliptic, to the right of M when the moon is descend, 
"Ml. ing, but to the left when ascending as in the present exam- 

ple. Join GL, a line representing the asis of the moon's orbit. 
To and from the reduced latitude of the place add and sub- 
tract the sun's declination : 

Thus, Boston, reduced latitudBj - 43° G' 39" N. 

Sun's declination, - 31 11 43 N. 
Sum la 63° 19' 22'', and difference is 20° 54' 56". 
tiowioflodFrom (7, make C12 eijual to the sine of the difFeronee of 
[Jl^P"'","'" the two area (20° 54' 56")iand Cd the sine of the sum 
■nLidng t^ (63° 19' 22"). 

'^f 'u!e r"" I*i^i^ (12) ^ '"*" ^'^^ equal parts at the point g; and on 
to.er '' ae 9 (12), aij radius, mark the sine of 15°, 30°, 45°, 60°, 75°, 
earth's disc, QOo. (lie line 7, 6, runs through the first point; 8, 4, through 
the second, &e. 

Subtract the latitude (42<^ 6' 39") from flO°. thus finding 
the eo-latitude (47" 53' 21"). On the aemldlameter of the 
earth's disc, as radius, take the sine of the co-latitude (47° 
53')- tiid set off that distance from y, both ways to 6 ; thus 
Waking a line, 6, 6, at rSght angles to the universal meridian^ 
Gg. On g (6} aS radius, and from the point ^ as a center, 
find the sine of 15*', 30°, 45°, Sto,, and set off those diatancee 
each way from g and through the points thus found, draw 
lines parallel to ^ C ; these lines, meeting the lines drawn par- 
allel to 6j?6, will define the points 5, 6, 1, 8, &c. to 12, and 
I, 2, 3, &e. to 7, the hours of the day on the elliptic curve. 
That is, our Supposed observer at the ttioon would see Boston 
Of the hoin ("^ ^^'3 '^'''^^ P^^'^^ '° *''* ^'"^^ latitude as Boston), at the 
iirand Uie el- point 9 when it is 9 o'clock at the place, and at 12 when it 
is noon at the pkce, &C; 

* The reader ia supposed to undei'stand how to draw a sine to to'j 
0*0, correepouding to any radiua, eiihijr With or without a Boctor 
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cbif. V. As this curve touches the disc befov* 5 and after 7, it 
shows that, in that latitude, on the day in question, the sun 
will rise before 5 in the morning, and set after 7 in the even- 
ing. If the deolination of the sun had been afl much south aa 
now liorth, the point d would have been 12 at noon, and all 
the hours would have been on the upper part of the eliipso, 
which is not now represented. 

From C, as in the general eclipse, set off the distance Cn 
equal to the moon'.'S latitude, and, through the point n, draw 
the moon's path at right angles to GL. 

As the ellipse represents the sun's path on the disc, and as 
the point (12) refers, of course, to apparent noon, and riai to 
nieoTO noon, therefore, we will mark off the time on the moon's 
path corresponding to apparent time. 
Howiomarii When the moon's center passes the point n, it is at ecliptic 
moon's" ath" conjunction, apparent time, at Boston, or it must bo considered 
the apparent time corresponding to any other meridian for 
whieh the projection may be intended. 
Theeoliptio ^j , apparent time, Greenwich, is 8h.49m. Os. 

For the longitude of Boston, subtract 4 44 16 

Conjunction, apparent time, at Boston, 4 4 44 

The moon's hourly motion from the sun is '2.T 30": take 

this distance from the scale, 'in the dividers, and make the 

small scale ab, which divide into 60 equal parts; then each 

inihiaoBso, part corresponds with a minute of the moon's motion from the 

iha siiipae gun, and the distance ab will correspond with one hour of the 

menL ""b^^ moou's motioo along its path. At 4 h- 4 m. 44 s. the moon's 

iwefTi i and center will he at the point n; the sun's center, at the same 

5 o'clock, jjjj^g^ ^j]j ^g j^gj. ]jgjQQ^ t)j(j point 4 on the elhpse ; and, as 

the distance between these two points is greater than the sum 

of the semidiameters of sun and moon, therefore the eclipse 

will not then' have commenced; ^lut the moon moves rapidly 

along its path, and, at 5 o'clock, the center of the moon will 

be at the point marked 5 oil the moon's path, and the center 

of the sun will be at the point marked 5 on the ellipse; and 

these two points are manifestly so near each other, that the 

limb of the moon must cover a part of that of the swn, ehow- 
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ing fcliSt tie eolipBe mnat Lave oomm« dp t tt t time. Ch 
To find the time of commenoemeDt m x tly 1 t the hour To 
on the moon's path be subdivided int 10 5 m t spaces, ■""" 
and take the sum of the aemidiamete f tb un I moon 
ia your dividers from the scale CD and w tb tb dividers 
thus open, apply one foot on the moon path anl tb other 
on the Bun's path, and so adjust them that a bf twiU stand 
at the same hour and minute on eaeb path as near as the eye 
can decide. The result in this case is 4 h.' 28 m. The end of 
the eclipse is decided by the dividers in the same manner, and, 
ns near as we can determine, must take place at 6h, 44m. 

To find tbe time of greatest obscuration, we must look Hoi 
along tbe moon's path, and discover, as near as possible, from g.^gt 
what point a line drawn at right angles from that path will """" 
strike the sun's path at tbe same hour and minute; the 
time, thus marked on both paths, will be tbe time of great- 
est obscuration. 

In this case it appears to be 5 h. 40 m., and tbe two cen- 
ters are very nearly together ; so near, that we cannot decide 
on which side of the sun's center the moon's center will be, 
without a trigonometrical calculation. 

To show a representation of an eclipse at any time during ho» 
its continuance, we must take the aemidiameter of the sun in ** 
the dividers from tbe scale; and, from the point of time on eoiips 
tbe sun's path, describe tbe sunj and, from tbe same point of 
time on tbe moon's path, desorihe a, circle with the radius of 
tbe moon's somidjameter ; tbe portion of tbe sun's diameter 
eolipsed, measured by tbe dividers, and compared with the 
whole diameter, will give tbe magnitude of the eclipse as near 
as it can be determined by projection. 

Tbe results of ibis projection are as follows: 

Beginning of tbe eclipse, P. M., 4h.28m. 4b.24m.39s. Amq 
Greatest obscuration, 5 40 5 36 39 *^ " 

End of the eclipse, 6 44 6 40 39 

From the projection the two centers are nearer together 
than tbe difference of the iaemidiameter of the mm and moon, 
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Chip. V, and the moon's diftmefer teing leaatj the eclipse wiH be aW' 
nular, as represented in the projection. 

The above results are, probably, to he relied upon to within 

We have now done with the projection, as far as the particu- 
lar locality, Boston, is concerned; but, in consequence of the 
feeilitj of solution, we cannot forbear to solve the following 
problem : In the same parallel of latUude as Boston, find the 
longi^ide where the greatest oiscuraiion will lie exactly at 2 p. M. 
(^parent time. 
Avaryossy FroiH the point 2, in the ellipse, draw a line at right an- 
i"nt rabiem ^^^ '" '■^^ moon's path, and that point must also bo 2h. on 
the moon's path; running back to conjunction, we find it 
How BoLved: must take place at 1 h. 50 m. ; bnt the conjunction for Green- 
wich time is 8 h, 49 m., the difference is 6 h. 59 m., correspond- 
ing to 104° 45' west longitude ; we further perceive that the 
sun would there bo about 9 digits eclipsed on the sun's south- 

Howioflnd Now, admitting this construction to be on mathematical 
noie Mcn- principles ^as it really is, except the variability of the ele- 
ments), we can determine the beginning and end of a local 
eclipse to great accuracy, by the application of analytical 

GEOMETKY. 

QsneitJ j^^j p^ ^^^ Cgs be two rcctaDgulai co-ordinates, then 
»id in com- the distance of any point in the projection from the center 
pntmgBiiihe g^u jjg determined by means of eyuatimis. 
ces of DB Ijet j: and i/ be the eo-ordinates of any point on the sun's 

edipie at path Or eUiptio curve, and Xand J' the co-ordinates oi any 
oM°piace. ' point OH the moon's path, then we have the following equa- 
tions: 

( 1 ) y=p rfn. Z COS. D^p COS. L sm. J) cos. t j solar 

(2) x^pcoa.LBm.t I oo-ordin. 

(3) Y=d±kisin.B h„„„ co-ordinates. 

(4) X=hieos.J) ( 

In these remarkable equations, p is the semidiameter of pro- 
jection, Z the latitude, D the sun's declination, ( the time 
from apparent noon, d the difference in decUnation between 
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aan anfl moon at the instant of conjunction in right ascon- Chip 
aon, /( the moon's hourfj motion from the sun, i the interval 
of time from conjunction in right ascension — minus, if hefore 
DOnjucetion — -phes, if after; and B is the angle LO So, or the 
angle which the moon's path midtcs with CD. 

In the equations, x and X are horizontal distances. In 
equation (l),the ^ms sign is taien when the hours are on 
the upper ade of the ellipse, as in winter ; when on the lower 
side,take the minus sign. 

In equation { 8 ), the plus agn is taken when the motion of Eipiai 
the moon is tKrrtkward, and the wmus sign when southward. "*" "'^ 
The sin. (, or oos. (, moans the sin. or cos. of an are, corre- 
sponding to the time at the rate of 15° to one hour. 

The sokr and lunar co-ordinates, or equations ( 1 ), ( 2 ), The j 
^ 8 }, and ( 4 ), are conneotecl together by the following equa- t 
tions; the tiimas sign applies to forenoon, the phis sign to nme « 
afternoon : 

To apply these equations, and, of course, the former ones, 
i, the interval of lime from conjunction must be asstaned, and, 
as the time of conjuaotion is known, t thus hecomes known; 
d, k, and S, are fenown hy the elements; therefore, x, y, and 
X, Y, are all known. But the distance between any two 
points referred to co-ordinates, is always expressed hy 



lijhi ■ 



J(x<J>KyJr(_y<j,YY. 
When an eclipse Srst ■ecmmences, or just as it ends, this es- 
ipression must he just equal to the semidiametet of the sun 
and moon ; and if, on computing the value of this expression, 
it is found to he less than that quantity the sun i*" eclipsed ; 
if greater, the sun is not eclipsed; and the result will show 
how much of the moon's limb is over the sun or how far 
asunder the limbs are, and will, of tourse indicite what 
change in the time must he made to correspjnd with a con- 
tact, or a particular phase of the echpse 

For an edipsc absolutely central, and at the time of being 
central, the last expression must equal zero; and, in that 
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Chipl-V, case, x=X, and y=K In cases of annular eclipses, to fiiwJ 
the time of formation or rupture of tiie ring, the expression 
must be put e({ual to the difference of the semidiameters of 
sun and moon. In short, these expressions aoonratelj, ef- 
ficiently, and briefly eoyor the whole subject; and we now 
cioae by showing their application to the ease before us. 
Application By the projection we decided that the beginning of the 
. °^p^5, eclipse would heat 4h. 28m., apparent time at Boston. Call 
■loDE this the assumed or approximate time, and for this instant we 

will compute the exact distance between the center of the sun 
and the center of the moon, and if that distance is equal to 
the sum of their semidiameter. then 4h. 28 m. is, in fact, the 
time, otherwise it is not, &c. 

Ad acontaie Coniunc. in E. A., app, time, Boston, 4 13 21 
.ompuiMira ."'.,, '^' ,(■ 

fcithB begin- Assume i eqnal to lo 

^if,,"^ "^ Therefore, I is equal to 4 28 21=67" 5' 15": 

«Vr fro" p=54' 3]"=3261, Reduced; lat.,i;=42<' 6' 38". 

B^u,n. i)=2Pll'43"; ^=C»-=1324".3; A=1659 i=i,j 



5=16° 0' 58". 
p 3361 - log. 
£ 42=> 6' 38" Bin. 
D 21 11 43 cos, 
(67 5 15 


3.5135]1 - log. 3.61S511 

9.826437 - cos. 9.870315 

9.969.583 - sin. 9.558M9 

COS. 9.5902S8 


2039.1 log 
346.3.... 


.3.309531 .346.3 log. 2.532263 


y=1692.8 


p 3.513511 
eos.j: 9.870315 
sin. ( 9.96430* 




w=22Sa5 log. 3.348129 


For r»nd X: 
£ 16° 0' 58" - 


sin, 9.440775 - cos. 9.98280« 
log. 2.617800 - log, 2.617800' 


114.5 

add 1324.3 


2.058575 398.6 2.600604 


Y= 1438.8 
(ro,j,)=261 


X=398.6 
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Here are two sides of a right-angled triangle, and the hy- Ch 
yothenuse of that triangle is 1857". S, which is the distance 
between the center oi the san and moon a,t that instant ; hut 
the scimdiameter of the aun and moon is only 1853"; there- Th 
fore the eclipse has not yet commenced, and will not until the ^^j^ 
moon moves over 4". 8; whioh will reijuire ahout 9 a., aa we 
determined hy proportion, hecause the apparent motion of the 
mopn will be almost directly toward the sun. 

When the apparent motion of the moon is not so nearly iu 
a line with the -sun aa it is in this case we cannot proportion 
directly to the result of the correLtion. In fact, the apparent 
motion ot the moon la on one side of a plane right-angled tri- 
angle, and the distance between the center of sun and moon 
is the hypothenuae to thit triangle and the variation of the 
moon on its ba«e vines the hypothenuae and the computa- 
tion must bo made accordingly 

Hence ti the assumed time ot begmmng ih. 2Sm. 21s. 

Add - - - 19 

Beginmng ap]aienttime - 4 28 40 

Mean time 4 25 19 

By the application of the same espresaions, we learn that ''^ 
the greatest obscurition will take place at 4h. 41m. mean ^^a 
time at Boston and the apparent distance cf the moon's cen- "f " 
ter will be 18" north of the sun's center ; and, as the moon's ^^^ 
semidiamcter is 57" less than that of the sun, a ring will he 
formed of between 10" and 11" wide at the narrowest point. 
End of the eclipse, 6 h. 46 m. '58 s. mean time. 

In computing for the end of the eclipse, we assumed 
1=1 h. 33 m., and as f is more than 6 h., the second part of 
ff changes sign, as we see by the figure; the sun after 6, must 
be above the line 6^6. 

Occultations of stars are computed on the same principles 
aa an eclipse of the sun, the star having neither diameter nor 
parallax. 

As problems, to g^ve practice to the learner, we take the 
elements of two solar eclipses for 1846, from the Nautical 
Almanac, with their results as answers to the problems; 
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Cbu. V 




ELEMBHTS OP TUB BCLIPSI 


s OP THE anw 




Eiamjile 




1846. 


April 25. 


October 19. 


given fo 


Greenwich M.T. of d.mE. A., 


4 bi 64 -5 


19 5"oi2.2 




O 


and ij's Right Ascension, 


2 11 8-31 


13 38 31 -54 




9' 


declination, N. 


13 25 19 -8 


S. 10 23 43 -0 




O' 


declination, N. 13 13 21 -2 


S.10 15 3-9 




»' 


s hourly motion in K. A., 


3:3 55 1 


30 42 -2 




G' 


hourly motion in E. A., 


2 21-3 


2 21-5 




»' 


honrly motion in dec. N. 


8 23-6 


S. 8 37 -O 




O' 


hourly motion in dec. N. 


48-8 


S. 54-1 




»' 


equatorial hnr, parailaz. 


57 58 -8 


55 33 i 




Q' 


s equate rial hir parallas. 


8-5 


8-6 




« 


s truf semidnmeter 


15 46 -5 


15 8-4 




O 


s true semidiametei 


15 54 -5 


16 5-6 



ihe apail eclipse. 
'- Begins on the earth generally April 25 d. 2 h. 2 m. 4 s., mean 

time at Greenwich, in longitude 119" 40' W. of G-reenwioh, 

and latitude 6° 15' S. 
Central Eclipse begins generally April 25 d. 3 h, 3 nu 3 s. 

in longitude 135° 51' W. of Greenwich, andlat. 2° 11' S. 
Central eclipse at noon, April 25 d. 4h. 55 m. 9 s. 

in lon^tude 74° 31' W. of Greenwich, and lat. 25^ 21' H. 
Central eclipse ends generally April 25 d. 6 b. 37 m, 6 s. 

in longitnde 3° 43' W. of Greenwich, and lat. 24° 5B'N. 
Ends on the earth generally April 25 d. 7 b. 38 m. 5 s. 

in longitude 20° 4' W. of Greenwich, and lat. 20° 52' N. 

THE OOTOBEK EOUPSE. 

Be^ns on the earth generally October 19 d. 16h, 46m. 7a. 
mean time at Jjreenwich, in longitude 16° 21' E. of Green- 
wich, and latitude 9° 50' N. 

Central eclipse begins generally October 19 d. 17 h. 52m. Os. 
in longitude 0° 32' W. of Greenwich, and lat. 6° 44'N. 

Central eclipse at noon, October 19 d. 19 h. 50 m. 2 s 

in longitude 58° 41' E. of Greenwich, and lat. 19° 22' S. 
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ECLIPSES. 

Central Eclipse ends generallj October 19 4. 21 h. 88111. 9 a. ' 
in longitude 126° 5' E. of Greenwich, and lat. 23° 51' S. 

Enda on the earth generiilly October 19 d. 22 h. 44 m. 1 s. 
in longitude 109° 6' E. of Greenwich, and lat. 20° 47' S. 

The following is a catalogue of the solar eoUpeea that will 
be visible in New England and New York, between the years 
1850 and 1900 ; the dates are given in civil, not astronomi- 
cal, time. 

851, July 28th. Digits eclipsed, 3f , on sun's northern limb. 

854, May 26tL As computed in the work. n, 

.858, March 15th. Sun rises eclipsed. Greatest obscura- Ji 

tion, b^ digits on sun's southern limb. 
I, July 29th. Digits eclipsed, 2i, on sun's northern limb. 
I, July 18th. Digits eclipsed, 6, on sun's northern limb. 
, December 31st. Sun rises eclipsed. Digits eclipsed 

at greatest obscuration, 4i, on sun'a southern limb. 
.865, October 19th. Digits eclipsed, 8j, on sun's southern 

limb. 
866, October 8th. i digit eclipsed. South of New York 

no eclipse. 
869, August 7th. Digits eclipsed, 10, on sun's southern 

limb. This eclipse will be total in North Carolina. 
.873, May 25th. Sun and moon in contact at sunrise, 

Boston. 
875, September 29th. Sun rises eclipsed. This eclipse 

will be annular in Boston, Maine, New Hampshire, 

and Vermont. 
March 25th. Digits eclipsed, 3^, on sun's northern 

limb. 
878, July 29th. Digits eclipsed, 7^, on sun's southern 

limb. This is the fourth return of the total eclipse 

of 1806. 
I, December Slat. Sun rises eclipsed. Di^ts echpsed 

at greatest obscuration, 5f, on sun's northern luub. 
.885, MMToh 16th. Digits eclipsed, 6|, on sun's northern 

limb. 
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no eclipse; 


south, Bua eclipsed. 




1892, October 20th. Digits eclipsed, 8, on sun 


's northern 


limb. 




1897, July 29tli. Digits eclipsed, 4^, oa sun' 


'b southern 


Emb. 




1900, May 28th. Digits eclipsed, 11, gn snn' 


'b southern 


limb. The sun will be totally eclipsed ii 


1 the State 


of Virginia. 
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TABLES. 

EXTRACTS BKOM THE NAUTICAL ALMANAC TOE JAtiUARY, 1846. 



THE SUN'S 
Apparent 



of till 

Radius 



: Longitude. Latitude 



__6 53 13.9 
t m 54 39,0 
3 W8 55 39.7 

10 289 56 3( 

11 Mil 5 4! 
la 391 58 4! 

14 i94 

" U95 2 5 4 



N.0.03 
S.O.I J 



3.99966 
3.992Gfi ?45 
3.9926; 

).99a67 
).9926S 
}.9936f 

3.99270 
3.99371 
3.99272 

(.99374 
3.99377 
1.93278 111 



43 13.9 N 
7 12.0 
4 55.4 

3 35 34.7 
> 41 31.5 
i 36 S5.0 

) 54 3S2& 
t 9 301 
i 15 21 8 

14 56 3 
10 SIS 
3 50 8 

J 56 17 6 
1 49 7 9 
g 43 4H 4 



S.0.09 
N.0.04 



3.9999S 158 4 
3.99395 170 4 
3.99399 ii 

3.99304 195 
9.99308 303 
3.99313 



!a 302 9 2H5 
!^ m 10 30 
34 304 11 31 

^ iOb 12 31 . 
26 106 13 309 
!7 SOT 14 2" " 

6 10a 15 26 8 

"""9 16 3S3 
30|J10 17 IS 5 
11 ill 18 12 6 

di«13 19 a 3| N.0.10 



97 418 
13 10 4 
18 37 5 S. 

1 50 2B.7 N 
B 50 42.5 
( 19 30.4 



3.9933^ 378 l: 
9.99339 393 3' 
3.99345 JOS 4 

3.99351 334 
9.99357 339 : 
.99363 353 4 



35 554l< 
. 7 13 7 
. 37 30 7 U 



4 33 93 1 
3 59 17 1 
3 14 47 1 



4 8 3.8 le 
4 43 49.4 H 
4 59 39.4 1( 



4 27 39.9 It 
3 44 8.2 It 
2 47 58.7 It 



.9 54 14.6 

.854 3.3 
.1 53 57.0 

.7 53 55.7 
.853 59.8 
.5 54 9.7 

■.0 54 36.0 
.3 54 49.0 
.655 19.7 

.2 55 58.4 
.7 56 44.4 
1.057 37.0 



.7 61 4.9 
.9 60 39.1 
.659 40.3 
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TABLE 1. 


MHAlf 


ASTROKOMICAL BBTBAOTIONS. 


aromete 


30 m. Thermometer, Fah. SO". 















Alt. 


Hefr. 


OO 










4 
8 
3 
9 


43 
44 
45 
46 


1 4.6' 
1 a.4 
1 0.3 
58.1 
56.1 


25 


-3 24 
25 








5 
4 
4 
4 
5 
H 


47 
4S 
49 
50 
51 
63 
53 
54 
55 


54.y 

59.3 
50.5 
43.8 
47.1 
45.4 
43.8 

42.a 

40.8 




J3 








4 


5G 






'>2 4f 








8 


57 


37:8 




22 








3 
3 


58 
59 
60 
61 


3G.4 
35.0 
33.fi 
32.3 


40 


29 








G 
4 
5 
9 
6 
7 
7 
5 


63 
U 
65 

67 
69' 


31.0 
29.7 
98.4 
27,9 
95.9 
S4.7 

99^4 


"0 








a- 


2 


70 


91.2 


25 










5 

1 
9 


■?1 
72 
73 


19,9 
18.8 
17.7 


40 










8 


74 
75 


1G.6 
15,5 


50 










447 
5 
6 

5 


7G 
77 
7B 
79 
60 
81 


14.4 
13.4 
12.3 
11.2 
10.9 
9.2 


20 




40 






1 


4 
3 


8S 
83 
84 
85 
86 
87 


8.2 
7.1 
6,1 
5.1 

3!l 

2.0 
1.0 
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TABLE C. 



OORBEOIIOS OE MEAN 













HlgM 


t the Therniome 


er. 
















o 1 + 


asp 


33° 


"36°" 


40° 


44= 


52° 


56° 


m 


64° 


680 


7ac 


7fP 


80° 






+ 


+ 


+ 


+ 


+ 




- 


_ 




- 




- 








00(1218 


155 


133 


111 


51 


31 


in 


2J 


48 


10/ 


las 


4^ 


'01 


ng 






010212 


149 


lae 


108 


43 


29 


9 


27 


45 


i04 


i^i 


3S 


54 


212 






1} SO 305 


144 


124 


104 


46 






30 


44 


101 


117 


J3 


49 


2 05 






dO 1 59 


133 


120 


101 


44 


36 




35 


41 


58 


113 


96 


43 


59 




41} 


bi 


134 




58 


49 


25 




24 


39 


55 


110 


24 


1 io 


153' 




50 


48 


12D 


112 


55 


40 






93 


37 


5-5 


106 


2U 


114 


148 






100 


43 


195 


109 


'•S 




93 




21 


36 


50 


]03 


1 


130 


4^ 






110 


38 


131 


106 


■iO 




93 




20 


34 


48 


100 


13 


196 


Id8 






lao 


33 


117 


103 


4S 


34 


21 




19 


33 


45 


'7 


loq 


131 


133 






130 




114 


100 


46 


33 


30 




18 


31 


43 


54 


06 


118 


1 >9 






140 


35 


111 


57 


44 


31 


11 




lb 


30 


41 


511 


104 


.15 


95 






150 


31 


108 


55 


42 


30 


17 




17 






50 


01 




"1 






2Vfl 


18 


105 


53 


39 


39 


17 




16 


37 


37 


4" 


5^^ 


01 


1" 






930 


11 


100 


49 


37 


9b 






15 


25 


35 


44 


54 


03 


11 






240 


06 


55 


44 


34 


24 


14 




14 


2J 


33 


41 


50 


58 


06 






300 


01 


51 


4i 






13 




13 


21 


30 


3f 




54 


01 






3^0 


57 


47 


38 


a 


21 


13 




19 


20 


28 


35 


43 


50 


57 






340 


53 


44 


3f 




90 


19 




11 


18 


3b 


33 


40 


47 








400 


49 


41 












10 


17 


34 


31 


37 


44 


5U 






4 30 


45 


38 


31 


24 




10 






16 


39 


38 


34 


40 


45 






500 


4] 


35 


2=t 






9 


3 




14 


20 


9b 


31 


36 


40 






5^0 


38 


12 


26 








3 


8 


IJ 




24 




34 


38 






eoo 


35 


30 


34 


It 




S 


9 




IJ 


17 


22 


36 


31 


35 






G30 


33 


28 




17 




7 






11 


15 


20 


34 


99 


33 






7 0U 


31 


S6 


a. 








2 


6 


10 


14 


19 


33 


9) 


31 






a 


37 


33 




15 






3 




9 


13 


16 


20 


24 


37 






9 


34 


30 




13 




5 


2 


5 


8 


11 


14 


l=t 


31 


34 






10 


as 


18 




12 




5 




4 


7 


10 


13 


16 


19 


23 






11 




17 








5 




4 


7 


9 




15 


18 


20 






12 


1 


15 








4 




4 


6 


9 


11 


13 


16 


IB 






la 


1 


14 








4 




3 


6 


8 


10 


13 


15 


17 






14 


1 


13 








4 




3 


5 


7 


9 


11 


14 


16 






15 


1 


12 








3 






5 


7 


9 


11 


13 


15 






16 




12 








3 




3 


5 


6 


8 


10 


13 








n 


J 


11 








3 




3 


4 


6 


8 


9 


11 


1 






18 

ly 

30 


1 


10 
9 
9 








3 
3 
2 




3 
3 
2 


4 
4 


6 
5 
5 


7 
7 


9 

8 
8 


10 
10 
9 


l-^ 

1 
J 






■& 


1 


9 








2 




2 




5 






: 


1 






1 


8 








9 




2 


3 


5 








1 






33 




8 








2 




2 


3 


4 




' 


1 








34 




7 








2 




9 


3 


4 




« 


8 








05 




7 








2 




3 


3 


4 




« 


7 












7 






3 


2 




3 


3 


4 




b 


7 








27 




S G 






3 


2 




3 


3 


4 




C 


7 








23 




( 






3 


a 




1 




J 






1 








30 




6 






3 


2 




1 


2 


3 


4 


5 












asi 


5)28^5 


28T8. 


ms 


g; 


30'^5 


=0+35 


30.6 


3* 








Hight 


the 


arometer. 
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« TABLES. 

TABLE II. 

MEAN FLACES TOR 100 PKINCIPAL HZED STARS, FOB JAN. 1, 






a, Andkoueds, 

■y Peg«31 {Aigett^),. . , 
^ Hj-drl, 

a CASB10PE.E, 

Ceti 

kUbs.Min. (Poiaria),. 

fliCati, 

a. Ericlani (Achtraar), . 

<t AmcTiB, 

y CeU, 

s Persei, 

11 Tauri 

yt Eridani, 

« Tioiu{Aldebarun),, , 
a AuRiGAt (Capella),. . , 

OwoNia {Rlgd), .... 

Tadhi , 

J-Okionis, 

« Columb'a;,!!'. !!.'!.! 

« Orionis 

H Gemlnoium 

a ATguB {Canopuaj, . . . 

51 (Hev.) Cephei 

a CiHrsMAj. (Sfriaa),. 
) Canis Majorls, 

i Gaminornm, 

<3Gehinor. {Castor),.. 
X. Can. MrN. (PTOcyan), 
^ Geujkor- {Pollux),.. 

ISArgoa 

1 Hydrte 

I Drsfe Majoris, 

I Argus 

« Htdrs, 

S UrBiB Majoris, 

, Leonia 

a Leonis {Seg-alu3), . . 



4- 3.0790 
3.0784 
3l3054" 
3.3418 

4- S.3fl95 
n.l346* 
3.0015 



14 35,40 
19 37. 
7 24.40 
41 31.0S 



58 30.193 
! 35 19.""" 
1 54 14.072 
1 13 21. " 

I 38 20, 
1 50 50.760 
1 37 5.404 
; 5 19,317 



1 2e 30.987 

\ 53 34^440 

' 10 55598 
' 24 46.065 
' 31 14.237 
' 35 53.153 

I 59,232 
I SB 37.154 
t 48 38.088 
I 19 58.192 

' 20 1.170 
22 31.453 
37 6.098 

' 10. "" 



5. 18 49 59,01 



N.22 4 
^f. a 3 
N. 3 2 
N.49 1 



+19.810 
19.279 
18,952 
18.461 



- 3.5473 
2.7998 
3.4274 



- 3,0404 
9.1691 
3.2433 



- 1.3279 
30.7946 

2.6459" 
2.3558 

- 3.5918 
3,8561 
3.1445" 



3 37 27.; 

3 57 1,E 

6 11 41.39 

5 50 6, " 



+11.620 
10.711 
7.907 
4,737 



8 SB n.49 3,776 

25 4.86 3.123 
7 5B 12.77 2.968 

1 18 17,53+3-754 



16,95 



3 35 13.1 

2 36 49,17 
N.87 15 31.90 



.32 + 1.149 



1.196 



, 2.5596 
3,1966 
4.I96I* 
1.6100 

2,9499 

4.0504» 

3.4258 

+ 3.2211 



N.28 23 34.06 



3.58 37 49,78 



2,397 
4.484« 
4.562 

- 6.1JI0 
7,253 
8.758* 



59 39.05 
29 31,09 
28 49,46 
43 2,96 
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s Vbs/b Majoois 

f LsoNta, 

f Hydi% et Cntterie, . 



12 CaQUm Vonaticorum 

a ViRoiNis (Spied), 

a Vksm Majoius, 

^ Centauri 

a BooTia, (Ardarus), . 
s^Ceolaari, 

, BOOTIB, 

a^LlBOM, 

^ Vaas MiNOKis, 



a CoRONJ^ Boreal 



if OPHCncHi, 

« SooHPii, (Aiilares), . 

n Drscoais, 

a TriiDguli Ausdalie, 

< Urste Minoris, 

a HEncDUB, 

«■ OctsnUa 



y DSAOONIS, 

^iSagittarii 

if UrS^ MlHOMS, . 

^LVB* 

f AquiLffi, 

rf" AftUILJE 



J, AQDiLa:, 

a Aftuii^, (Allair'j, . 

AquiLE 

d a Cafbicorki. 



10 39 G.3S3 

10 54 10.737 

11 5 54.583 
11 11 ; 



13 48 49.007 
" 17 5.933 

41 a7.r 



[ 38 15.706 
; 43 22.13a 
■ 51 13.199 



7 37.617 
aa 55.004 
36 57473 



G 16.830 4- 3-'38a 

19 58461 3.6638 

_. 21 55.119 0.7960 

16 32 35.090 4- 6.2537 



- 6.5328' 

-)- a.7330 

106.8637 

1.3513 

4- 3.7727 

1.3900 

4- 3.5861 

19,26e3« 

2.0118 
2.2Z24 
2.7566 
3.0086 



4- 3.0654* 
3.1874 
3.3409 
3.2710 



3.58 52 34.! 
N.6S 34 51.t 
N.21 21 59.) 
3. 13 56 46.! 

N.15 25 SS.1S 
N.54 33 3,18 20. 
3.78 37 26.15 20.04 
3. ea 14 39.74 

22 33 39.93 - 
N.39 9 4.18 1S.6( 
i.lO 31 20.B" ""' 
N,50 5 1.4 



- 3.8606 
4.1508 
2.7336' 
4.01 B5« 



■ 3.3102 

■ 0.2693 

■ 35236 



17 43.889 4- 

38 56.27814- 
43 16,128 
47 44.866 
•} 30,3161 



N,19 10 21. 
3.59 37 33.93 
N.19 59 12.07 
11 37.( " 

N.37 43 35.23 
3. 15 23 53.52 
N.74 47 5.58 
3. S 

N.27 14 11.07 
N. 6 54 49. 
N.7e 15 55.43 
3. 19 29 " 



3 17 3 
16 5 
N.61 51 5 
3.63 44 

N.82 16 5 
N.U 34 1; 
3. 89 16 11 



2.8511 
3.9354» 
3.9446 
3.3315 



N.33 H 
N.13 38 
N. S48 

N.10 14 3 
i-f. 8 27 5 
N. 6 : ~ 



-17.89 
17.67 
18.94' 
15.12* 

-15.46 
15.33 
14.71 
13.63 



— 0. 
4- 0.40 
-i-1.91 

35.33 
14.80 
20.49 
43.64 4-6.67 



13 1 4.19| 10.74 
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;- UrBte Mino 
a CrcNi, ■ ■ . . 

Cygnl 

a CsfHEI, . . . 

j3 CErsEi,... 



1 Sigbt Aiceiu Ananil Var. 



.8046 
-^3.1373 
2.0418 



le 31.; 
^0 36 ll.( 

59 59.947 

_ 6 23.1 . 

1 14 53.940 
1 S3 a6.87S 



- 3.5486 
1.4163 
3.163S 
0.8059 



..3.ffl21 36 37.348+ 3.9441 
3.8134 



m 49 7.531 

3 57 5.584 

3 32 1.736 
. 3 \2i 33 



2.9776 

3.0569 

■f a,40J2 



i.57 13 19.50-1- 
"" 50 53.54 
43 57.43 
N.37 59 43.0} 

N.39 35 53.03U-14.5T 
-"■ " "^ 15,07 
1.1.56 
15.73 

N. 9 10 I7.3f 

56.73 ■ 
i.47 42 13.43 
N,10 1 44.67 

5. 30 36 13.3S 
N.14 22 40.12 
N. 4 47 30.74 
N.76 46 23,01 4 



2 


,....,, 


...™^, 


M-, 


Apiil. 


.. 














"36 


4 35 48 


IB 46 53 


20 59 11 


23 48 17 


41 50 


R 


19 4 30 


31 15 S3 


S3 3 12 


56 26 


'>4f 15 


4 2 1" 


11) 


19 36 21 


31 35 18 


S3 31 40 


1 14 43 


3 7 47 


5 12 50 


^^ 


J9 47 57 


31 54 54 


23 40 


1 33 e 


3 27 24 


5 a 34 


™i 


aO 9 17 


33 14 J2 


23 58 14 


1 51 38 


3 47 15 


5 54 22 


VSi 


20 30 19 


22 33 14 


16 35 


2 10 ^1 


4 7 "0 


6 15 10 


•jii 


30 Si 




34 36 


2 29 17 


4 7 38 


6 35 55 


Ma. 


My. 


Augnst. 


&U b 


OcUtier 


Noven be 


Beenb 


1 










14 "5 16 


16 29 1 


6 40 4 


8 44 55 


10 41 


13 29 4 


h 


656 34 


9 23 


10 55 39 


12 43 36 


14 41 2 


16 46 "3 


W 


7 17 5 


9 19 29 


11 13 30 


13 1 54 


15 1 5 


17 8 17 


M> 


7 37 25 


9 38 31 


U 31 28 


13 20 24 


15 il 28 


17 30 3" 


Mil 


7 57 33 


9 56 60 


1! 49 25 


13 39 8 


15 40 14 


17 50 J3 


95 


8 1^38 


10 15 37 


12 7 24 


13 58 9 


16 3 19 


18 14 46 


30 


8 3T 7 


10 33 44 


13 25 37 


14 17 37 


16 "4 43 


18 36 57 



Tha R. A.inlhis table will answec for ootreapondlng days inolhcr years wilhin 
four iriinnten; and fur periods of four years, the differetice is only about seven 
Beconds tm each period. 



)v Google 



TiBULAK TISW OF THE SOLAK SYSTEM. 



Name:. 


"T^ir- 


Tom iK" 


Msan rtlit.: Log. of 


the Bub. 


W-^^f 














Mercury 




37 millior 


0.38709t 9.5S7B» 








768- 


68 ■' 


0.79333^.859306 


a24.70078'; 


1,351610 




79li 


95 




365.25638; a.56359B| 








1.52369S .IBaeK 


086.979646 a.836H42l 








3.30130 i.37310( 


1324.989 


U9199J 








3.37380 1.37638' 




U9319I 


ttebe 


I Unknown 


930 


2.43190 t.38400( 


1375, nearly 






340 


2.52630 ).40248'; 


1469.76 


3,I6730( 


Aatrea . 




946 


9.5895 .41321] 


1512. nearly 


3,17954- 


luno 


X42I 


a53,600,0(H 


9.66514 .49571( 


1594.791 


5,20370) 




Not well 1161 


963,336,0* 


a.76910 .44233' 


1683.064 


3.336081 








2.77125 .44372; 


1685.162 


3.93661(1 




89171 


490 


5.20377( l.716aii 


4339.5B483Il3.636738| 




7904( 


900 


9.53878( 1.970471 


I0759.319817|4.031718| 


Jianus 


3500( 


1800 " 


19.189391 .28385; 


30680.8908 


1,486953! 


Weptano 


35000 


3850 


89.59 1.477121 


60198.14 


1.7790761 



TABLE III. 

THE BPOCH Off 1850, JANUAKr 1, MEAN KOON 
AT GHEBNWIOH, 





(nclinaliOTI 


V=riatina 




Vil(lali„n 




Variation 






eoUpd=-, 








PGriheJioii. 


u^. 






o ' " 


„ 


o • " 




□ / " 




o ' " 


Mernnrv 


7 If 


+18.3 


46 34 4< 




75 9 47 


t?^ 


327 17 9 




3 23 3( 




75 17 41 




199 32 5; 


M3 58 4 


Earth 










100 23 IC 




100 47 1 


Mar» 


1 51 ( 


— 0.9 


48 30 2^ 


^. 


333 17 61 


4-110 


182 9 30 
















Tuno 


13 9 51 




170 53 A 


54 18 31 






^eres 


10 37 1^ 




80 47 56 




147 25 41 




1 3 10 


Pallas 


34 37 4^ 




[72 43 3f 




L31 30 n 




337 31 24 


rupller 


1 18 49 


—29, 


98 55 IE 




11 55 ( 




160 21 50 






—15. 










13 58 13 


Uranas 


46 27 


3. 


73 12 


4-24 


168 14 47 


.^87 


28 20 33 



* It Is with reluctance that wB give these planets a place in the tables. The 
fact of their existence is as yet questionable, itnd tbelr elements, at present, cBDDOt 
be welt known. We give the logarithms in the tables, that the data may be ffl 
hand to exercise (he student on Kepler's third taw. 
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TABLE HI. 

VIEW OP THE SOL 



».,.... 1 „... 


B^i^My.] Gravity. J i^^^,-^l 


"■»?.:- 


Mercury.. 

Venus 

Earth 

Mars 

Jupiter . . . 
Saturn.... 
Uranus . . . 

Sun 

Moon 




3,944 
0.994 
1,000 
0.973 

0.133 
0,246 
0.256 


1,32 
0,96 
I.OO 
0,50 
9.70 
1,25 
],0G 
28.13 
0.18 


24 5 28 

33 31 7 

34 
24 39 91 

9 55 50 
10 29 17 

95 12 
97 7 43 






1 


911 
000 
431 
037 
Oil 
003 


^Ts'siff 











„...,.. 


BoMolricitiei 


V«riUion in 100 


tall^°n 1 ™ 


Mean TiU; 
Moiion in 


Mercury.... 
Venus...... 

Earth 

Mars 

Vesta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranns 


C.90551494 
0.00686074 
0.0ZC783S7 
0.09330700 

o,oee56uoo 

0,35556000 
0.07673780 
0,94199800 
0,04816910 
0.05615050 
0.04661080 


+ 

t 


000003863 
ooooea7ii 
000041 630 
000090176 
000004009 


53 43 3.6 
294 47 39.7 
—0 14 19,5 
191 17 9.1 


4 5 32,6 
1 36 7.8 
59 8.3 
31 96.7 
16 17.9 
13 33.7 
12 49.4 
12 48.7 
4 59,3 
0,6 
42,4 




10UOOS830 






000169350 
000312409 
0000^079 


30 90 31,9 
19 13 36.1 
4 17 45,1 



TABLE III. 

LUNAR PERIODS, 



Mean sidereal rerolntion , - . - . 
Mean synodical revolution, . 
Mean revolutinn of nodes (retrogradoj , 
Mean revolulian of per[s;ee (direct), . 

Mean inclination of orbit, 

Mean distance in measure, of the equatorial radius of tlie 

Mean distance in measnra of the mean radios, 



27.321661418 
29,530588715 
6793,391080 
3232,576343 
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TABLE ir. 
sun's epochs. 



Years. 


M. 


Long. 


Long. Parigae. 


I. 


II. 


III. 


N. 


J846 


I 8 


45 


g 


9 8 17 


17 


134 


673 


897 


379 


J847 


9 8 


dO 


48 


9 8 18 


19 


434 


^■*3 


63) 


433 


1848 B. 


9 J 


1^ 


37 


9 8 19 


20 


s-e 


505 


151 


iH" 


1B49 


9 9 




17 


J 8 20 


33 


338 


420 


775 


540 


1850 


9 8 


46 


58 


9 8 21 


23 


598 


33b 


400 


594 


1851 


9 8 


S3 


39 


9 t 22 


34 


958 


250 


095 


648 


1853 B. 


9 9 


17 


37 


9 8 33 


36 


353 


16b 


653 


701 


1853 


9 9 


3 


8 


9 8 24 


27 


713 


083 


2 7 


755 


1854 


9 8 


48 


48 


t 8 35 




073 


998 


102 


809 


1855 


9 8 


34 


29 


9 8 26 


30 


433 


913 


527 


863 


185GB. 


9 9 


19 


18 


9 8 27 


32 


b37 


832 


153 


916 


1857 


9 9 




58 


9 8 28 




187 


746 


779 


970 


185S 


9 8 


50 


39 


9 8 at 


35 


547 


661 


404 


024 




9 8 




19 


9 8 30 


37 


907 


5-1) 


029 


078 


1860 B. 


9 9 


21 


8 


9 8 31 


38 


301 


494 


656 


131 


laei 


9 9 


G 


49 


9 8 32 


39 


661 


409 


981 


1% 




9 8 


ai 


29 


9 8 33 


41 


021 


3'>4 


906 


939 


1B63 B. 


9 8 




10 


9 8 34 


4-> 


381 


'>i9 


530 


399 


1864 


9 9 


a' 


58 


9 8 35 


44 


77j 


157 


157 


34f 


1865 


9 9 


8 


39 


9 8 36 


45 


135 


073 


7B3 


400 


11^66 


9 B 


54 


30 


9 3 37 


47 


495 


fCJS 


408 


453 


1867 


9 8 


40 




9 8 38 


49 


faj5 


9U2 


033 


507 


1868 8. 


9 9 


24 


49 


1 8 39 


50 


249 


«2U 


1*59 


561 


1869 


9 9 


10 


30 


9 8 40 


52 


609 


734 


?85 


615 


1870 


9 8 


56 


10 


9 8 41 


53 




649 


910 


668 


1883 


9 9 




41 


9 8 54 


10 


391 


618 


41b 


313 


ISTl 


9 8 


41 


51 


9 8 43 


54 


339 


564 


j34 


721 


1873 B. 


9 9 


36 


39 


9 S 4! 


56 


723 


4bl 


161 


774 


1873 




12 


SO 




58 


O-^i 


396 


7S5 


828 


1874 


9 8 


58 


1 


) 8 47 





443 


311 


418 




1875 


9 8 


43 


4i 


9 3 48 


2 


803 


9'6 


034 


935 


1876 B. 


9 9 


38 


30 


9 8 49 


4 


297 


143 


661 


989 


j 1877 


9 9 


14 


10 


9 8 50 


5 


657 


059 


286 


042 


1878 


9 8 


59 


51 


9 8 51 


6 


017 


974 


919 


016 


1879 




45 


32 


9 8 52 




377 




537 


150 


1880 B, 


J 9 


30 


30 


9 8 53 


9 


G71 


'"OJ 


164 


904 




9 9 


i6 


1 


9 8 54 


10 


031 


722 


"90 


3 ■* 


wi 


9 9 


1 


41 


9 8 55 


12 


391 


637 


415 


311 




9 8 


47 


32 


9 8 56 


13 


751 


552 


040 


364 


1684 B. 


J 9 


32 


10 


9 8 57 


15 


145 


46J 


666 


418 


1885 


9 9 


17 


11 


9 8 19 


16 


505 


385 


293 


471 


1886 


9 9 


3 


32 


9 8 59 




865 


300 


918 


525 


1887 


9 8 


49 


12 


) 3 


19 


235 


2] 6 


544 


579 


1888 B. 


9 9 


34 


1 


9 8 1 


20 


019 


133 


169 


632 
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TABLE V. 

i FOR MONTHS. 



Months. 


Longkude. 


Per. 


I. 


ir. 


III. 


N. 


>-lgr.;:: 
'•"jBr.;:: 



11 29 52 

1 33 18 
at) 34 10 
J 38 S 11 




5 
5 
10 



966 
47 
13 
993 



997 
78 
75 
148 



998 
53 
51 
01 




4 
4 
9 






2 28 42 30 

3 93 le 40 

4 as 49 5S 

5 38 94 3 

6 as 57 26 


15 
20 
25 
31 

as 


42 

59 
110 
129 

183 


301 
379 
454 
531 


154 
306 
359 
311) 
363 


13 
18 
22 
97 
31 


mSv ;;:::::::: 


ZL :.::.::.... 








September 


7 29 30 44 

8 29 4 54 

9 29 38 12 
10 29 12 32 


41 
46 
52 
51 


933 
250 
300 
313 


609 
684 
769 
837 


416 
468 
531 
S72 


36 
40 
45 
49 


November 



TABLE VI. 

en's HOURLY MOTION. 





Os 


la 


Ha 


Ills 


IVs 


V 




o 


' -, 




, „ 




, „ 


. „ 


o 









9 30 


2 28 


9 25 


2 24 


30 


10 


2 3S 




S 29 


S 97 


2 25 


2 23 


20 


90 


2 33 


3 31 


2 ^ 


2 96 


2 34 


2 23 


10 


30 


a 32 


2 30 


a 28 


9 25 


2 34 


a 23 







XIs 


Xs 


IXb 


Villa 


Vila 


Via 





AbqDMEBT. — Sun's Mean Anomaly. 





Oa 


la 


lis 


Ilia 


IVb 


Ya' 





10 
20 
30 


16 18 
16 IS 
16 17 
16 15 


15 15 

16 14 
16 12 

16 9 


16 9 
16 7 
16 4 


16' 1 

15 58 
15 56 
15 53 


IS 53 

15 51 
15 49 
15 43 


15 48 
15 46 
15 46 
15 45 


30 
2D 
10 





XI, 


Xs 




YIJI.. 1 Vlh 


VI. 
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TABLE Vn. 

3 MOTIONa FOE DAYS Al 



Days 


Uglado 


Per 


I 


'1 


III 


N 




Hours 


Long. 


I. 




o 
















. „ 




] 





















1 


9 98 


I 


S 


59 8 





34 


3 


3 







3 


4 56 


3 


3 


1 58 17 




68 


5 


i 







3 


7 93 


4 


4 

5 


a 57 25 
3 56 3a 




101 
135 


10 









4 
5 


9 51 
12 19 


6 
7 


6 


4 55 49 




16J 


n 


1 






6 


14 47 


8 


7 


5 54 50 




203 


15 


10 






7 


17 15 


10 


8 


6 53 58 




236 


18 


12 








19 43 


11 




7 53 7 




2i0 


20 


11 






9 


22 H 


13 


10 


8 52 15 




304 


23 


15 






10 


24 38 


14 


11 


9 51 2) 




338 


95 


17 






11 


97 6 


18 


12 


]fl 511 39 




371 


38 


19 






12 


29 34 


17 


13 


11 49 40 




405 


3D 


21 






13 


32 2 


18 


14 


13 41 48 




439 


33 


"3 






14 


34 30 


20 


15 


13 47 57 




473 


d5 


24 






15 


36 5a 


21 


16 


14 47 5 




■ioe 


3fi 


96 


2 




16 


39 26 


2-3 


17 


15 46 13 




540 


40 


97 


2 




17 


41 53 


24 


18 


16 4j 23 




574 


43 


2') 


2 




18 


44 21 


25 


J9 


17 44 30 






45 


dl 


3 




19 


46 49 


27 


SO 


18 43 38 




641 


43 




3 




20 


49 17 


28 


91 


19 19 47 




675 


50 


34 


3 




91 


51 45 


30 


22 


20 41 55 




709 


53 








92 


54 13 


31 


33 


21 41 ) 




743 


j5 


38 






93 


56 40 




24 


22 4li I" 




-77 


5S 


i9 






24 


59 8 


34 


S5 


23 39 20 




CIO 


60 


11 












26 


34 38 38 




844 


63 


43 












27 


as 37 S7 




878 


65 


45 












33 


26 n 45 

27 35 53 




912 
94^ 


70 


46 












30 


98 35 2 




179 


73 


50 












31 


as 34 10 




Z3 


"5 


51 













i UonONS FOR MINUTE. 



Min. 


Longitude. 


Mln. 


Longitude. 


1 


2 


30 


1 16 


5 


19 


35 


1 26 


10 


95 


40 


I 39 


15 


37 




1 51 


20 


49 


50 


2 3 


25 


1 2 


55 


3 16 




1 14 


60 


9 28 
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TABLE VIII. 



EQCATIONS OP THE SUN 3 CBNTEB. 
ArquHEnt. — Sun's Mean Anomaly, 





Os 


Is 


lis 


Ills 


IVa 


Vb 


J, 


Q 




O ' " 


O ' " 


O ' " 


o ' 


„ 




. „ 







59 30 


2 58 15 


3 40 27 


3 54 50 


3 38 


21 


2 






3 


I 33 


3 


3 41 35 


3 54 47 


3 37 


18 


2 


54 25 




2 


3 37 


3 1 44 


3 42 31 


3 54 41 


3 36 




2 


53 411 




2 


5 40 


3 3 37 


3 43 15 


3 54 33 


3 35 


8 




50 54 




2 


7 43 


3 5 9 


3 44 8 


3 54 23 


3 34 




2 


49 H 




2 


9 46 


3 6 49 


3 44 58 


3 54 11 


3 32 


51 


2 


47 2il 




3 


11 49 


3 8 33 


3 45 47 


3 53 57 


3 31 


41 


2 


i'i m 




a 


13 51 


3 !0 6 


3 46 33 


3 53 41 


3 30 






43 4-i 




2 


15 54 


3 11 43 


3 47 17 


3 53 23 


3 39 


14 


3 


41 53 




2 


17 56 


3 13 18 


3 4t 


3 53 3 


3 37 


58 


2 


40 3 




2 


19 57 


3 14 51 


3 43 40 


3 52 40 


3 26 


41 


3 


38 II 




2 


21 58 


3 16 24 


3 49 18 


3 53 16 


3 35 


23 


g 


36 19 




2 


33 59 


3 n 54 


3 49 55 


3 51 50 


3 34 


3 


2 


34 27 




2 


25 59 


3 19 34 


3 50 29 


3 51 21 




40 


2 


33 34 






27 59 


3 21) 51 


3 51 1 


3 50 51 


3 31 


17 




30 40 




2 


29 5B 


3 23 18 


3 51 31 


3 50 18 


3 19 


52 


2 


38 46 




g 


31 57 


3 33 42 


3 51 59 


3 49 44 


3 18 


36 


2 


26 5a 




2 


33 55 




3 53 25 


3 49 7 


3 16 




a 


24 56 




2 


35 52 


3 36 26 


3 52 49 


3 48 29 


3 15 


30 




93 




3 


37 49 


3 37 4G 


3 53 lU 


3 47 49 


3 14 





3 


21 4 


10 


2 


39 45 


3 29 4 


3 53 30 


3 47 7 


3 12 


38 


2 


19 8 


91 


2 


41 40 


3 30 34 


3 53 47 


3 46 22 


3 10 


55 


2 


17 11 


23 




43 34 


3 31 35 


3 54 3 


3 45 36 


3 9 




2 


15 14 


23 


2 


45 28 


3 32 48 


3 54 16 


3 44 48 


3 7 


46 


2 


13 IG 


S4 


2 


47 20 


3 33 59 


3 54 27 


3 43 58 


3 6 


10 


2 


11 19 


25 


2 


49 13 


3 35 8 


3 54 36 


3 43 7 


3 4 


33 


2 


9 31 


26 


2 


51 9 


3 36 16 


3 54 43 


3 42 13 


3 2 


54 


3 


7 23 


27 


2 


52 52 


3 37 31 


3 54 48 


3 41 18 


3 1 


14 


2 


5 25 




3 


54 41 


3 38 35 


3 54 51 


3 40 31 


2 59 


33 


2 


3 27 


29 


2 


56 38 


3 39 37 


3 54 53 


3 39 22 


2 57 


52 


2 




30 


2 


58 15 


3 40 37 


3 54 50 


3 38 21 


3 56 


9 


1 


59 30 
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TABLE Vlir. 



EaUATIONS OE THE SUN S CENIEB. 
AoQUUENT. — Sun's Mean Anomaly. 





Via 


VIlB 




Xs 




X 


Q 


o ' " 


O ' " 












1 


1 59 30 
1 57 39 


1 S 51 
1 1 8 










2 
3 


I 55 33 

1 53 35 


59 27 
57 46 










4 


1 51 37 


56 6 






44 




5 


1 49 39 


54 27 








48 


7 


1 47 41 
1 45 44 


52 47 
51 14 












1 43 46 
1 4! J9 


49 33 
4B 5 










10 


1 39 52 
I 37 56 


46 32 
45 










J2 
13 


1 36 
1 34 4 


43 30 
49 I 










14 
15 

16 
17 
18 
IS) 


1 S9 9 
1 30 14 

1 24 33 

1 23 41 


40 34 
39 8 

37 43 
36 90 
34 58 

33 38 




4, 






90 


1 20 49 


39 19 










31 


1 18 57 


31 9 










22 


1 17 7 


99 46 










33 


1 15 17 


S8 39 






48 




34 


1 13 98 


97 19 










25 


1 11 40 


96 9 










26 


1 9 52 


24 59 










97 


1 8 6 
1 G 20 


23 59 
22 46 








-3 




1 4 35 


91 41 










30 


1 2 51 


20 39 
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SM 


ALL EftUATIONS OP 


THE sn 


■S'S LONGITUDE. 


Arg. 


I 


II. 


III. 


Arg, 


I. 


II. 


III. 





10 




10 


500 


10 


10 


10 


10 


10 
11 




9 
9 


510 
520 


10 
9 


10 


9 

8 


30 


n 




8 


5d0 








40 


11 




e 


41 


9 


10 




40 


1" 




7 


550 




ID 


6 


60 


19 




7 


560 


g 


9 


5 


70 


12 




7 


570 


8 




4 


80 


IJ 




7 


580 






3 


90 


13 




7 


590 


7 




3 


100 


13 




7 


600 


7 


9 


2 


110 






7 


610 


6 


8 




ISD 


14 




7 


6)0 






1 


IJO 


14 




8 


bJO 


6 


8 




140 


15 




8 


640 


5 







ISO 


15 




9 


650 


5 




C 


160 


15 




1 




5 







no 


15 






670 








180 


15 






6 








190 


16 






690 


4 






OQO 


16 






70t 


4 




3 


"10 


16 






710 


4 




3 


2'Xi 


16 






7 


4 






"30 


IG 






730 


4 




4 


■u 


lb 






740 


4 




5 


2.0 


16 






751 


4 


3 


6 


2bO 


16 






760 




3 


6 


270 


lb 






770 


4 






4b0 


lb 






7a 


4 




8 


"90 








qo 


4 
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1773 


5430 


7641 


5652 


1877 


0012 


1122 


1247 


1036 


0074 


7a73 


6541 


0098 


4516 


1H78 


0005 


83 M 


09ia 


5780 


2545 




7603 


3553 


3380 


1879 


9908 


5-538 


0579 


0534 


5016 


91b6 




5012 


2244 


1880 B. 


0018 


3d96 


]2'*5 


5545 


7893 


5335 


9782 


7859 


1132 


1831 


0011 


O604 


0951 


0289 


0394 


1132 


0843 


0316 


9996 


i8ea 


0004 


78,3 


0617 


5033 


9-60 


6939 


1904 


2173 


8860 


1833 


9997 


5 120 


J283 


9777 


5336 


2736 


9965 


5330 


7794 


1834 B. 


0017 


2873 




4748 


8043 


889-1 


4084 


8177 


6619 


1335 


0010 


00^6 


)655 


9'-42 


0514 


40)9 


5145 


0634 


5476 


1886 


0003 


72U 


0321 


4286 


29P5 


04S9 


6906 


3091 


4340 


1837 


9996 


4502 


9187 


9030 


■1456 


63-6 


7267 


5548 


3204 


1888 B. 


OOIG 


2360 


0693 


4051 


8263 


2455 


8386 


8395 


2093 


1889 


0009 


9568 


0359 


8795 


(1734 


8252 


9447 


0853 


095b 


1890 


0002 


67-6 


0025 




1205 


4049 


0508 


d309 


9P23 
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TABLE XVI. 
moon's epochs. 



Tears. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


ID 


20 


1846 


303 


133 


350 


171 


419 


760 


126 


^ 


167 


379 


304 


1047 


810 


484 


970 


644 


613 


901 


486 


749 


643 


433 


371 


1B48B. 


486 


876 


759 


151 


905 


072 


881 


143 


144 


487 


539 


1849 


093 


237 


479 


634 


099 


312 


241 




619 


540 


705 


1850 


700 


597 


199 


097 


393 


352 


600 


848 


094 


594 


871 


1951 


306 


958 


918 


570 


487 


493 


960 


301 


569 


648 


038 


1853 B. 


983 


350 


707 


077 


780 


664 


355 




070 


701 


206 


1853 


589 


711 


427 


550 


974 


804 


715 


948 


545 


755 


372 


1854 


196 


072 


147 


023 


168 


944 


074 


300 


030 


809 


539 


1855 


8oa 


432 


866 


496 


361 


085 


434 


653 


495 


863 


705 


1856 B. 


479 


834 


656 


003 


654 


256 


829 


047 


996 


916 


873 


1857 


086 


185 


375 


476 


84S 


396 


189 


400 


471 


970 


039 


1853 


692 


546 


095 


949 


042 


537 


548 


752 


947 


024 


206 


1B59 


299 


907 


814 


422 


236 


677 


908 


105 




078 


373. 


I860B. 


975 




604 


929 


529 


848 


303 


499 


131 


540 1 


1861 


581 


659 


333 


403 


723 


988 


G62 


852 


398 


185 


706 


isea 


187 


020 


043 


875 


916 


139 


021 


304 


873 


339 


873 


1863 


794 


381 


761 


348 


110 


269 


381 


557 


348 


292 


039 


1864 B. 


470 


773 


551 


855 


403 


440 


777 


951 


849 


346 


207 


1865 


077 


134 


371 


328 


597 


580 


136 


304 


324 


400 


373 


1866 


684 


494 


990 


801 


791 


721 


495 


657 


799 


453 


540 


1867 


290 


855 


7i0 


274 


985 


861 


855 


009 


274 


507 


707 


1868 B. 


967 


247 


500 


781 


377 


033 


331 


404 


775 


561- 


874 


1869 


57J 


608 


319 


254 


471 


173 


eio 


756 


251 


615 


040 


1870 


180 


968 


939 


737 




313 


969 


109 


726 


668 


207 


1871 


787 


328 


659 


300 


859 


554 


338 


562 


aoi 


721 


374 


1872 B. 


464 


720 


549 


707 


151 


735 


724 


957 


702 


785 


531 


1873 


071 


080 




180 


345 


966 


083 


410 


177 




698 


1874 


678 


440 




653 


539 


205 


442 




643 




865 


1875 


385 


800 


709 


136 


733 


446 


801 


316 


117 


944 


032 


1876 B. 


963 


!92 


599 


633 


025 


617 


197 


711 


618 


008 


199 


1877 


569 


552 


319 


106 


219 


858 


556 


164 


093 


061 


366 


1878 


176 


913 




579 


413 


099 


915 


617 


568 


114 


533 


1879 


783 


373 


759 


053 


607 


340 


274 


070 


043 


167 


700 


1880 B. 


460 


664 


649 


559 


899 


511 


670 


465 


544 


231 


867 


1881 


067 


024 


369 


033 


093 


752 


029 


913 


019 


284 


034 


I8S2 


674 


384 


089 


505 


387 


993 




371 


494 


337 


201 


1883 


281 


744 


809 


978 


481 


234 


747 


824 


969 


390 




1884 B. 


958 


13S 


699 


485 


773 


405 


143 


219 


470 


454 


535 


1835 


565 


496 


419 


958 


967 


646 


503 


673 


945 


507 


702 


188S 


172 


856 


139 


431 


161 


887 


86'1 


125 


420 


560 


869 


1887 


779 


216 


859 


904 


355 


128 


320 


578 


895 


613 


036 


1888 B. 


456 


608 


749 


411 


647 


399 


716 


973 




677 


203 


1889 


063 


968 


469 


884 


841 


540 


075 


426 


871 


730 


370 


1890 


670 


33B 


189 


357 


035 


781 


434 


879 


346 


783 


537 



, Google 



TABLE XVII. 
Mook's motions fok mon 



Months. 


I 1 a 


3 


4 


5 


6 


7 


8 


^ 


'-isr 




0000 


OOUU 


oono 


ooou 


0000 


0000 


oooo 


6000 




9350 




9713 


9664 


9Ga8 


9942 


9610 


9976 


'•-■isr 


Si9 


[46 


3246 


8SJ6 


402 


1533 


1789 


2099 


753 


fiSl 


H497 


1206 




66 


1161 


1731 


1709 


729 


Marcb 


1615 


8343 


1371 


6a31 


a797 


1951 


3404 


3027 


1433 


April 

Itfay 






3616 


5897 


199 


3484 


5193 










4f^ 


4436 


265 


4646 










4134 


81.^3 


7067 


3332 


666 


6179 


87)3 




3667 




4955 


7G29 


8273 


1942 


732 


7341 


444 


643 


4396 


August..,, 


5804 


7776 


518 


838 


1134 


8874 


S233 


2742 


5148 




6653 


7933 


2764 


9734 


1536 


408 


4021 


4842 


5901 








3969 


&343 


1602 


1569 


5752 


6550 








76fi5 


6215 


7339 


2004 


3102 


7541 


8649 


7382 


December. . 


ai44 


7062 


7420 


5348 


2070 


4264 


9273 


358 


bill 



TABLE XTIII. 









MOON S MOT 


0N3 FOB BAYS, 








Ddyb 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1 


QOoT 


0000 


0000 


ouoo 


0000 


0000 


0000 


uooo 


0000 


2 


97 


650 


1040 


387 


336 


372 


53 


390 


24 


3 


55 


1300 


9080 


574 


671 


744 


115 


781 


49 






1950 


3121 


&G1 


1007 


1116 


173 


1171 


73 


5 


109 


aeoo 


4161 


1148 


1342 


1488 


231 


1561 




S 


137 


3349 


5201 


1435 


1678 


1660 




1952 


191 


7 


164 


3S99 




1739 


2013 


9932 


346 


2343 


146 


8 


193 


4549 


7281 


2009 


2349 


3604 


404 


2732 


170 


9 


219 


5199 


B331 




2684 


9976 


469 


3133 


194 


10 


34B 


5H49 


9369 


3583 


JOSO 




519 


3513 


219 


11 


374 


6499 


409 


2870 


3355 


3720 


577 


3903 


243 


12 


301 


7149 


1442 


3157 


3691 


4093 


635 




267 


13 


3Sb 


7799 


3489 


3144 


4036 


4466 


699 


4684 


391 


14 


356 


8449 


3593 


3731 


4363 


4837 


750 


5074 


316 


15 


381 


9098 


4563 


4018 




5309 


808 


5464 


340 


16 


411 


9748 


5603 


4305 




5581 




5h54 


364 


17 


458 


39d 


6643 


4592 


5369 


5953 


993 




389 


18 


4G5 


1048 


7683 


4-^78 


6704 






6635 


413 


19 


493 




8733 


5165 


6040 


6697 


1039 


7035 


437 




530 




9763 


5452 


6375 


7069 


1096 


7416 


461 


31 


51tt 




604 


5739 


6711 


7441 


1154 


7806 


486 


2S 


575 


3648 


1844 


6096 


7046 


7813 


1312 


8196 


510 


23 


602 


4998 


2884 


6313 




81H5 


1269 


8586 


534 


24 


630 


4947 


3994 


6600 


7717 


8567 


1327 


8977 


559 


95 


657 


5597 


4964 


6H87 


8053 


8929 


1385 


9367 


583 




664 


0947 


eo05 


7174 


8389 


9301 


1443 


9757 


607 


97 


712 


6897 


7045 


7461 


8724 


9673 


1500 


148 


631 


28 


739 


7547 


8085 


7748 


9060 


45 


1558 


538 




29 


767 


8197 


9195 


8035 


9395 


417 


1616 


928 


660 


30 


794 


■^847 


165 


8^22 


9731 




1073 


1319 


704 1 


31 


b21 


9497 


1205 


yR09 


66 


1161 


1731 


1709 


729 1 
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TABLE XVII. 







M 


oon's 


MOTIONS son MONTHS. 










Months. 


10 


U 


12 


13 


14 


15 


16 


17 


lb 


11 


30 


March 

g:::::: 
jdy'!::;::: 

August,... 

September . 
OctobBr.... 
November.. 


s 

175 
105 
139 

3U 
419 
593 
698 
873 

48 
153 
327 
433 


000 
9G9 
9(]5 
934 
8d6 

801 
7J5 
700 
634 

563 
497 
463 
316 


OOO 
9S0 
l'*4 
114 
157 

343 
55G 
610 
754 
93S 

133 

431 
535 


0(10 
966 

35 
16 

76 
101 
160 
IBS 
i45 

'!04 
331 
3b8 
414 


UOO 
901 
74 
975 

... 

933 

973 
943 
22 

96 

71 
145 
130 


000 

946 
Si 6 
801 

747 
663 
609 
^35 
471 

117 
33d 
279 
1D4 


000 
963 
135 
98 
159 

394 
393 
527 
635 
759 

b94 
993 
127 
325 


1100 
965 
304 

48a 

786 
47 
351 
613 
917 

331 

787 
4) 


000 
974 

605 
779 
533 

336 
115 
930 
699 
503 

SO-^ 
87 

6-0 


100 
000 

t 

13 
18 
33 
27 
Jl 

36 
40 
45 
49 


OOO 
000 
14 
14 
37 

41 

55 

m 

83 
97 

111 
135 
139 

153 



TABLE XVIir 

oon's MOTIONS I'OR DATS. 



Daj^ 


10 


11 


I" 


13 


14 


IS 


1 


1 


la 


19 


ao 


1 


"ooo" 





000 


~T 


000 


000 


"~o" 


000 


To 


000 





3 


70 


31 


70 


34 


99 




37 


42 


"6 








3 


14 


63 


141 


68 


19 


61 


3 


44 


J" 







4 


310 


93 


■^Zl 


1 3 


')97 


92 




136 


b 








381 


125 


28') 


13 


397 


13 


146 


IS8 


104 






6 


351 


15b 


jSi 


17 


4 6 


153 


133 


"1 


30 








431 


187 


421 


2f5 


595 


183 


'"1} 




15b 






8 


4J1 


18 


493 




694 


•>u 


256 


"94 


1S3 








-Wl 


349 


564 


'>73 


793 


344 


293 


136 


BOS 






1 


631 


3o0 


634 


308 


8* 


375 


321 


379 


" 4 






11 


70" 


311 


705 


342 


993 


305 


366 


401 


"6 






lU 




342 


775 


376 


91 


336 


401 


463 


6 


2 




13 


843 


374 


845 


410 


190 


366 


439 


5 5 


31" 






14 


912 


405 


916 


144 


259 


97 


476 


547 


3)7 






15 


982 


436 




4 8 


3ftM 


407 


51 


589 


368 


2 




16 


52 


467 


37 


513 


4e7 


45a 


549 


631 


389 


2 




17 


la. 


498 


107 


547 


5N7 


48B 


586 


673 


41 






18 


193 


5"1 


198 


581 


686 


519 


6"" 


715 


441 




8 


10 


ab3 


')60 




615 


76^1 


S49 


659 


75 


467 








33 J 


591 


339 


649 


m 


80 


69^ 


799 


493 






31 


403 


6^3 


4)9 


683 




6n 


73" 


841 


5 7 






22 


4 3 


654 


4B0 


718 


83 


641 


769 


883 


54 




10 


33 


543 


b35 


550 


75 


183 


679 


805 


2j 


571 




10 


34 


614 


16 


601 


786 


381 


702 


842 


967 


597 




n 


25 


6S4 


747 


r9! 


S3 


380 


733 


878 


9 


6"3 




11 


2S 


7 4 


78 


63 


R54 


479 


763 


91j 


52 


649 




11 


27 


814 


m 


8 3 




57S 


794 


gs" 


91 


6 5 




13 


as 


894 


840 


903 




67 


834 


988 


13e 


701 




12 


39 


964 


879 


973 


957 


777 


855 


25 


178 


7 




13 


30 


3i 




43 




87fi 


885 


61 


ofl 


3 




13 


31 


105 


934 


114 


"5 


9 5 


J16 


98 


"f 






U 



, Google 



TABLE XIX. 



i MOTIONS rOB HOURS. 



Hours. 1 


^ L_ 


4 


5 


« 


7 


8 


9 


1~ 


1 


97 


43 


19 


14 


16 


2 


16 


1 


S 


9 


S4 


87 


94 


38 


31 


5 


33 


2 


3 


3 


81 


130 


36 


42 


47 


7 


49 




4 


5 


lOS 


173 


48 


56 


62 


10 


65 


4 


5 


6 


135 


317 


60 


70 


78 


13 


81 


5 


e 


7 


169 


960 


72 


84 


93 


14 


98 


6 


7 


8 


190 


303 




98 


109 


17 


114 


7 




9 


917 


347 


96 


J19 


12* 


19 


130 






li* 


944 


390 


108 


196 


140 


32 


146 


9 


10 


" 


371 


433 


190 


140 


155 


24 


163 


10 


11 


19 


998 


477 


13! 


154 


171 


26 


179 


11 


13 


14 




590 


143 


168 


186 


29 


195 


12 


13 


15 


353 


563 


155 




909 


31 


2!1 


13 


U 


16 


379 


607 


167 


196 


217 


34 


228 


14 


15 


17 


406 


650 


179 


310 


233 


36 


944 


15 


16 


18 


433 


693 


191 


334 


248 


38 


960 


16 


n 


19 


460 


737 


903 


338 


964 


41 


276 


17 


18 


20 


487 


780 


215 


252 


979 


43 


293 




19 


22 


515 


893 


297 


966 


995 


46 


309 


19 


20 


23 


549 


867 


239 




310 


48 


325 


20 


21 


24 


569 


9J0 


251 


294 


336 


50 


341 


91 


32 


25 


596 


953 


363 


308 


341 


53 


358 


92 




26 


693 


997 


975 


322 


357 


55 


374 


93 


24 


27 


650 


1040 


987 


336 


373 


58 


390 


24 



TABLE XIX. 
id's motions for minutes. 



MiQ. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


1 


1) 


fl 


1 





n 




















ft 





ft 


5 





3 


4 






1 





1 





(1 


1) 


II 




II 








7 


'>: 

















II 




1 


11 





7 


11 


3 


•( 






4 




1 








1 


20 
95 






11 


14 

18 


4 
5 


5 
6 


5 

6 


1 
I 


b 
7 






{ 




1 




1 
9. 


311 




14 


2a 


fi 


7 








'I 


1 








2 


3.^ 




lli 


25 


7 




9 




HI 


1 




1 


M 




2 


411 




18 


9H 


H 




Ml 


w 


II 


r 


2 




2 






45 




Wl 




9 


10 


19 


9. 


19 


1 


9 










50 




!« 




10 


n 


13 


2 


13 


1 


9. 














'>5 


40 








? 






■1 




3 






60 




27 


43 


12 




15 


2 


16 


1 


3 




3 




4 



, Google 



The sabjeot raitter of thfe 


B.b!G ia connected v 


ith Chapter I 


X, p^e 119. 


Times. 


Hel. Long, from 
true Equinox. 


Hel. Lat. 


Had. Vec. 


1874, Dec. 8th, at I2h. 
16h. 
SOh. 

1883, Dec. 6th, at noon. 
4h. 
8h, 


7fio 41' 36,6" 
T6 57 44,1 
77 13 51.5 

74 12 55.7 
74 39 a.5 
74 45 9.7 


4' G.3"N, 
5 3.5 
S 1.0 

4 58,1 S. 
4 0.8 
3 3.5 


0.7203632 
0.7903449 
a7203268 

0.7205503 
0.7205315 
0.7205127 



DIP or THE I 
for the principle of compnting the d^ of the horizon » 



H,;.. 






H,,M 










fe8t. 








r 


V 


16 


4' 


3" 




1 


2fi 


17 




1) 


3 


1 


45 


IH 




18 








19 




25 




•^ 


16 


20 




32 






VH 


21 




39 


7 


v. 


41 


22 




45 












53 




■i 


'* 


24 




58 






^•^. 


25 


5 


i 






ifl( 


26 






12 




31 


28 


5 


23 






H'i 


30 


5 


33 






4K 


35 




1 


15 




56 


40 


6 


25 



bun's sgmimameter for I 



Days. 

11 
21 


Jan. 

16 18 
16 17 
16 17 


Jnly. 

15 46 

15 46 
15 46 


Days. 
1 
31 


April. 

16 "l 
15 58 
15 55 


Oct, 

16 1 
16 3 

16 7 


1 
11 
31 


Feb. 
16 15 
16 13 
16 11 


August. 
1S%7 
15 49 
15 51 


1 
11 

21 


May. 
15 53 
15 51 
15 49 


Nov. 
16 9 
16 12 
16 14 


1 

11 
21 


March. 
.16 10 
16 7 
16 4 


15 56 
15 58 


1 
11 
21 


June. 
15 48 
15 46 
15 46 


Dec. 
16 16 
16 17 

16 la 



, Google 



TABLE XX. 
uoon's epochs. 



Y„. 


EveotioiL, 


Anomaly. 


Varia 


ioit. 


Loiigitude. I 




a ° 






s o ' " 


g 


o 


. ,; 


s o 


, ,. 


1846 


9 


45 


6 


26 31 9 


1 


5 


48 4 


10 15 


48 23 


1847 


7 21 


16 


35 


3 25 4 33 


5 


15 


25 39 


2 35 


11 28 


1848 E. 


1 33 




5 


7 6 51 37 


10 




14 21 


7 17 


45 8 


1849 


7 13 




35 


10 5 34 57 


2 


16 


51 46 


11 27 


8 14 


1850 


1 4 


10 


4 


1 4 18 IB 


6 


96 


29 11 


4 6 


31 30 


1B5I 


e 34 


41 


35 


4 3 1 38 


11 


6 


6 36 


8 15 


54 35 


1859 B. 


26 


39 


5 


7 14 4a 53 


3 


27 


55 29 


1 8 


2y 6 


1853 


6 n 


3 


34 


le 13 33 n 


8 


7 


33 53 


5 17 


51 11 


1854 


7 


35 


4 


1 19 15 34 





17 


10 IJ 


9 37 




1855 




6 


33 


4 10 58 54 


4 


26 


47 43 


2 6 


37 29 


IS56B. 


11 39 


57 


3 


7 92 46 q 


9 


IS 


36 36 


6 39 


U 3 


1857 


5 90 


28 


33 


10 31 29 99 






14 1 


11 8 


34 9 


1858 


11 11 





2 


1 20 19 50 






51 96 


3 17 


57 14 


1859 


5 1 


31 


33 


4 18 56 10 


10 


17 


2H 52 


7 37 


90 20 


1860B. 


11 3 


23 


3 


8 43 35 


i 


9 


17 44 


li 


54 


1B61 


4 23 


53 


33 


10 2a 26 4o 


7 


18 


55 9 


4 29 


17 6 




10 14 


25 


3 


1 98 10 6 


11 


28 


33 34 




40 12 


1863 


4 4 


56 


33 


4 3f) 53 97 
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10 


1 18 


3 18 


1864 B. 


iO 6 


47 


3 


8 8 40 41 


8 


29 


58 51 


b 10 


3b 53 


1665 


3 37 


13 


39 


11 7 24 2 


1 


3 


36 17 


10 20 


4 


1866 


9 17 


59 


2 


2 6 7 23 


5 


19 


13 43 


2 99 


9) 10 


1867 


3 8 


31 




5 4 50 43 




98 


51 8 


7 1 


4b 15 


1868 B. 


9 10 


12 


2 


8 16 37 58 


2 


90 


4U 


1 


19 56 


1869 


3 


43 


33 


11 15 21 19 


7 




17 25 


4 10 


U 2 


1870 


8 31 


15 


3 


2 U 4 4J 


11 


9 


54 50 


8 90 




1871 


3 11 


45 


31 


5 13 47 1 


3 


19 


31 16 


2. 


9=1 137 


1873 B. 


8 3 


n 





8 11 30 217 


7 


29 


8 41 


5 8 


51 19 4 


1873 


2 4 


7 


31 


11 33 17 36 6 





20 


57 36 


10 1 


35 03 


1874 


7 34 


39 





3 32 57 3 


5 





35 


3 10 


4B 6 


1875 


1 15 


10 


29 


5 20 44 IB 


*" 


10 


12 34 


6 20 


11 117 


1876 B. 


7 5 


41 


59 


R 19 27 38 7 


1 


19 


49 10 


10 99 


34 17 4 


1877 




32 


30 


1 14 516 


6 


11 


38 40 


3 39 


7 58 3 


1878 


6 38 


3 


59 


2 29 ^8 14 3 


10 


21 


lb 5 


8 1 


31 4 


1879 


18 


35 




6 98 41 35 







53 30 


10 


54 9 7 




6 9 


6 


58 


8 27 24 55 7 


7 


10 


30 55 


4 20 


r 15 4 


1881 


10 


57 


39 


9 12 10.6 





2 


19 47 


9 12 


50 56.3 




6 1 




58 


3 7 55 31.3 


4 


11 


57 12 


1 22 


14 3.0 




11 22 


G 


27 


6 6 38 52.0 


8 


21 


34 37 


6 1 


37 7.7 


1884 B. 


5,12 


31 


56 


9 5 29 12,7 


1 


1 


12 2 


10 11 


13.4 


1885 


11 14 


29 


33 


17 9 27.G 


5 


23 


54 


3 3 


33 54.3 


1886 


5 4 


53 


57 


3 15 59 48.3 


10 


2 


38 19 


7 12 


57 0.0 


1887 


10 35 


25 


26 


6 14 36 S.O 




12 


15 44 


n 22 


20 5.7 




4 15 


56 


57 


9 13 19 29.7 


6 


21 


53 9 


4 1 


43 11,0 




10 17 


47 




35 6 44.6 


11 


13 


42 I 


8 24 


16 51.9 


1890 


4 8 


18 


67 


3 33 50 6.3 




23 


19 26 


1 3 


39 57.6 
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H 
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S EPOCHS 












w 


Supp.ofN»de. 


11. 


V. 


VI. 


VII. 


VIII 


IX. 


X. 


1846 


4 16 35 9 


11 


° 


56 


954 


958 


937 


941 


847 


113 


1817 


5 5 54 53 


9 


9e 


38 




670 


945 


947 


927 


053 


1B48B. 


2 25 IT 45 


7 




9 


116 


122 


582 


587 


042 


997 


1849 


6 14 37 27 


10 




41 


531 


535 






132 


937 


1850 


7 3 57 9 


3 




13 


944 


947 


196 


20O 


302 


876 


1851 


7 33 16 51 


6 




45 


358 


359 


604 


606 


289 


816 


1853 B. 


8 13 39 44 


10 




27 


806 


811 


841 


846 


398 


760 


1853 


9 1 59 26 


1 




69 


990 




148 


153 


477 


70O 


1834 


9 21 19 9 


5 




31 


634 


G36 


466 


459 


567 




1855 


10 10 38 51 


9 




3 


047 


0411 


763 


765 


637 


579 


1856 B. 


11 1 44 


1 




44 


495 


500 


100 


105 


753 


523 


1857 


11 19 21 26 


4 




16 


909 


913 


407 


411 




463 


1858 


8 41 8 


8 




48 




325 


715 


718 


912 


402 


1859 


28 51 









736 


737 


023 


024 


993 


342 


1860 B. 


1 17 23 43 


4 




1 


184 


189 


359 


364 


108 


986 


1861 


3 6 43 27 


8 




33 


598 


601 


666 


670 


187 


296 




2 26 3 9 


11 




5 


012 


014 


974 


977 


267 


165 


ieG3 


3 15 23 II 


3 




37 


496 


426 






347 


105 


1864 B. 


4 4 45 44 


7 




18 


873 


878 


618 


623 


463 


049 


1865 


4 24 5 46 


11 




50 




991 


996 


929 


S49 


989 


1866 


5 13 25 S3 


2 




93 


701 


703 


233 


336 


623 


998 


1867 


6 9 45 10 






54 


115 


115 


544 


542 


702 




1868 B. 


6 23 7 43 


10 




36 


563 


567 


877 




818 


812 


1869 


7 11 97 46 


2 




8 


977 




186 


188 


897 


752 


1870 


8 47 98 


5 




40 




399 


493 


496 


977 


691 


1871 


8 20 6 49 


9 




11 


803 


804 


800 


803 


057 


630 


1879 B. 


9 9 26 31 






43 


216 


916 


108 


110 


137 


569 


1873 


9 23 49 24 


5 




25 


664 






450 




514 


1874 


10 18 9 6 


9 




57 


077 


080 


752 


758 


332 


453 


1875 


11 7 28 48 







99 


490 


493 


084 


064 


412 




1876 B. 


11 96 48 31 


4 




J 


904 


905 


364 


370 


499 


331 


1877 


le 11 24 






42 




357 


700 


710 


607 


276 


1878 


I 5 31 6 







14 


765 


769 


008 


018 


687 


915 


1379 


1 34 50 48 


3 




46 


178 


181 


316 


326 


767 


154 


1880 B. 


2 14 10 30 


7 




18 


593 


6H3 


634 


630 


847 


093 


IBSl 


3 3 33 33 


11 




59 


041 


045 


960 


970 


962 


038 


1882 


3 92 53 5 


3 




31 


454 


457 




378 


049 


977 


1883 


4 19 13 47 


6 






867 




576 


S36 


122 


916 


1884 B. 


5 1 33 29 


10 




35 


980 




884 


894 


202 


855 


1885 


5 3D 55 32 


« 




16 


798 


733 


220 


234 


317 


800 


188S 


6 10 15 4 


G 




48 


141 


146 


528 


543 


397 


739 


1887 


e 99 34 46 


10 




20 


554 


557 


836 


850 


477 


678 




7 18 54 28 


1 




52 


967 


969 


144 


158 


557 


617 


1839 


8 8 17 21 


5 




33 


416 


421 


480 


498 


679 


569 


1890 


8 27 36 3 


9 




5 




833 


788 


806 


759 


501 
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TABLE XX. 



M. Longitude. 



March . ...• 

April 

Uay 

Jnne 

Jnly 

Augaat . ■ ■ . 

September.. 
October. . . . 
November . 
December . 



11 17 48 33 

17 54 48 

5 43 31 

11 29 15 15 

17 10 3 

S3 53 34 

1 10 48 11 
I 16 31 32 



H IG 49 25 



9 "4 4 ^3 
10 26 44 34 
11 45 S7 



TABLE XX, 



b^ 


Evection. 


Anomaly. 


Variation. 


Mean Longitude.] 


1 


Os 


to 0' 0" 


Os 


OO 0' 


0" 


Oe 


0° 


0' 


0" 


Os 0° 0' 


0" 







11 18 59 





13 3 


54 





12 


11 


37 


13 10 


35 


3 





92 37 59 





26 7 


48- 





34 


23 


53 


26 31 


10 


4 


1 








42 






34 


ao 


1 9 31 


45 


5 


1 


15 15 58 


I 


3a 15 


36 


1 


le 


45 


47 


1 22 4a 


30 


6 


1 


26 34 hi 


2 


5 19 


30 


3 





57 


13 


3 5 59 


55 


7 


2 


1 53 57 


2 


18 33 


24 


2 




8 


40 


2 19 3 


30 


8 


2 


19 13 56 


3 


1 37 


IS 


3 


25 


20 


7 


3 2 14 


5 


9 


3 


31 55 


3 


14 31 


12 


3 




31 


34 


3 15 34 


40 


to 


3 


11 50 55 


3 


37 35 


6 


3 


19 


43 





3 28 35 


15 


11 


3 


23 9 54 


4 


10 39 





4 




54 


27 


4 11 45 


50 


12 


4 


4 38 54 


4 


23 42 


54 




14 


5 


54 


4 24 56 


25 


13 




15 47 53 


5 


G 46 


48 




3G 


17 


30 


5 8 7 





14 


4 


27 6 53 


5 


19 50 


49 


5 


8 




47 


5 31 17 


35 


15 


5 


8 25 53 


6 


2 54 




5 


30 


40 




e 4 28 


10 


16 


a 


19 44 6J 


6 


15 58 


29 


a 


2 


51 


40 




45 


17 




1 3 51 


6 


5 


23 




15 




7 


7 49 


20 


16 


6 


12 22 50 




13 6 


17 


e 


27 


14 


34 


7 13 59 


55 


19 




33 41 50 


7 


25 10 




7 


9 


20 




7 27 10 


30 


SO 


7 


5 49 


8 


8 14 


5 


7 


31 


37 


27 


8 10 21 


5 


21 


7 


16 19 4% 


8 


ai 17 


59 


8 




48 


54 


8 23 31 


40 


33 


7 


37 38 43 


9 


4 ai 


S3 


8 


16 





21 


9 6 49 


16 


S3 


8 


e 57 47 


9 


17 95 


47 


8 


28 




47 


9 19 52 


51 


Si 




SO IG 47 


10 


29 


41 


9 


10 


23 


14 


10 3 3 


as 


25 




1 35 46 


10 


13 33 


35 


9 


92 


34 


41 


10 IG 14 




36 


9 


13 54 46 


10 


26 37 


H9 


10 


4 


46 


7 


10 39 34 


36 


S7 


g 


34 13 45 




9 41 


23 


10 


16 


57 


34 


11 12 35 


11 




10 


5 33 45 


11 


22 45 


17 


10 


29 


9 


1 


11 35 45 


46 


29 


10 


le 51 44 





5 49 


11 


11 


11 


SO 


39 


3 56 


31 


30 


10 


28 10 43 





18 53 


5 


11 


S3 


31 


54 


23 G 


56 


31 


11 


9 29 43 


1 


1 66 


59 





5 


43 


21 


1 5 17 


31 
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TABLE XX. 

a MOTIONS lOR MONTHa. 



Months. 


Supp. 


f N 


de. 


II. 


V. 


VI. 


VII. 


Vllt. 


IX. 


X. 


'"■)§r; 




(1 


(1 





n 


nm 


nun 


nnn 


om 


nnn 


om 




Sfi 


44 


11 18 


.SI 


Hlili 






mti 


<l«4 




"•'.■ Sr; 


1 


;<« 


;<ii 


11,15 


4;( 


54 


VfM 


K75 


4.'> 


III 


165 


1 


;to 


ia 


11 4 


■M 


Wl 


1K5 


H47 




Vh 


1.59 


MBTci 


3 


T 


H7 


9 27 


&y 


7 


»dU 


(Ke 


yiJM 


114 


313 


fc" 






S7 


9 13 


45 


fi1 


5S4 


545 


M 


•JSS 


47H 




',(1 


1K 


8 18 


IS 


HI 




:<«H 


4K 


nnn 


HUM 




7 


SH 


4li 














411 




July 

August 


9 


;■*!) 


S 


7 8 


i\9, 


l.lfi 


U7 


uy 


i(n 


4HK 


963 


11 


13 


35 


e 24 


15 


310 


a7i 


yB7 


147 


497 


ISli 








'S 


e 9 


.18 


5(» 


595 


8f;9 


193 


ms 


99] 






"7 


•M 


5 14 


;^•J. 


MH!. 


■;hii 


VJIl 


MIW 


7w;i 


4.SI 




16 


f> 


Ml 


5 


i.s 


:<;i!i 


4 




*(! 


Hy4 


tilh 


December... 


n 


41 


la 


4 4 


49 


359 


IBH 


432 


361 


aba 


V/i. 
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OO 


68 
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35 






64 




44 
















90 


54 


44 






4b 


64 






-4 
3 






. 


4b 








„ 


97 


















99 


98 










44 
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TABLE XX. 
'a MOTIONS FOR HOBita. 



Hours. 


ETfiction. 


Anomaly. 


Variation 


Longitude. 




O ' 




o 


, ,, 


□ 




„ 


o- ' " 


1 


28 


17 





32 40 


1) 


30 


29 


39 56 


9 


56 


35 


1 


5 19 


1 





57 


1 5 53 


3 


1 24 






37 59 


1 


31 


26 


1 38 49 


4 


1 5.1 


10 


3 


10 39 


2 


1 


54 


2 11 46 


5 


2 21 


27 


2 


43 19 


2 


32 


23 


2 44 43 


S 


3 49 


45 


3 


15 58 


3 


2 


52 


3 n 39 


7 


3 18 


2 


3 


48 38 


3 


33 


20 


3 50 35 


8 


3 46 


20 


4 


21 18 


4 


3 


49 


4 23 32 


9 


4 14 


37 


4 


53 58 


4 


34 


17 


4 56 98 


10 


4 43 


55 


5 


26 37 


5 


4 


46 


5 29 95 


11 


5 11 


12 


5 


59 IT 


5 


35 


15 


6 2 91 


12 


5 39 


30 


6 


3J 57 




5 


43 


e 35 17 


13 


B 7 


47 




4 37 




36 


12 


7 8 14 


14 


6 36 


5 




37 16 


7 


6 


40 


7 41 10 


15 


7 4 


22 


9 


9 5S 


7 


37 


9 


8 14 7 


16 


7 3Q 


40 


8 


42 36 


8 


7 


38 


8 47 3 


17 


8 


57 


8 


15 16 


8 




6 


9 20 


18 




15 




47 55 


9 


8 


35 


9 59 56 


19 


S 57 


32 


10 


20 35 


9 


39 


3 


10 25 53 


30 


9 se 


50 


10 


53 15 


10 


9 


39 


10 58 49 


31 


9 54 


7 


H 


25 55 


10 


40 


1 ' 


11 31 46 


SS 


10 22 


24 


11 


58 34 




10 


99 


12 4 49 


23 


10 50 


42 


13 


31 14 


.11 


40 


58 


12 37 39 


24 


11 18 


51) 


13 


3 54 


19 


11 


37 


13 10 35 



TABLE XXI. 
moon's moiions bob mi notes. 



Min. 


Evec. 


Anomaly. 


Varia 


tiona. 


Longitude. 


Sup. 
Node. 


n. 




n 


m 


33 





30 


33 








5 


y 


'M 


9 43 


2 




2 45 




2 










5 


5 


5 39 












8 10 


7 


37 


8 14 












10 53 


III 


10 


10 59 












13 37 


l'.> 


49. 


13 43 










4 


16 20 


M. 


14 


16 98 


4 




35 


16 


311 


19 3 


17 


4V 








40 


IM 




21 46 


90 


19 


91 58 


5 


19 


45 


Ml 


13 


24 30 


29 


M 


24 42 




31 


50 


^3 


34 


27 13 


95 


94 


27 97 




93 








29 56 


"7 


FiK 


30 13 






60 






32 40 


30 


2J 


32 56 


8 
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TABLE XX. 

moon's motions eoe. i 



Hours, 


"XV 


11. 


V. 


vr. 


vn. 


VIII. 


IX. 


X. 


1 


8 


23 


, 


2 


J 


1 


1 





2 


fl 16 


5S 




3 




3 


3 




3 




1 24 


4 




4 


4 


4 


1 


4 




1 52 


6 




5 








5 


40 


2 19 


7 


li 


6 






1 


fi 


48 


2 47 


9 


10 


7 


9 


9 


1 


7 


56 


3 15 


10 


u 




10 


10 


2 


H 


1 4 


3 43 


11 


13 


9 




12 


2 


» 


I 11 


4 11 


13 


15 


11 


13 


13 


2 


10 


1 19 


4 39 


14 


IK 


12 


14 


15 


2 


]1 




5 7 


16 


18 


13 


15 


16 


9. 


13 




5 35 


17 


30 


14 


17 


18 




13 




6 3 


IS 


31 


15 








14 


1 51 


6 30 


20 


33 


IS 








15 




6 58 


21 


25 


18 


31 


22 


3 


le 


3 7 


7 36 


23 


9G 


19 


39 


24 


4 


17 


3 15 


7 54 


24 


2H 


20 


34 


25 


4 


18 


2 33 


n US 


afi 


2H 


Hi 


35 


27 


4 


19 


2 31 


S 50 


27 


31 


SH 


37 


28 


4 


no 


3 39 


9 18 






24 


28 


30 


4 


21 


S 47 


9 45 


30 


34 


25 


Qfl 


31 


5 




3 55 


10 13 


31 


.S6 


26 


31 


33 


5 


93 


3 3 


10 41 


33 


38 


27 


32 


34 


5 


S4 


3 11 


11 9 


* 34 




28 


34 


36 


^ 



TABLE 

! APPROS. LAI 



Arg. 


I. 


11. 


til 


Arg. 


I- 


II. 


III 





„ 


4 


3 


5on 


3 





4 


Ml 


H 


4 


3 


rt.SII 


!) 




4 


1(10 


V 


4 


'^ 


fiOO 


3 




3 


1WI 


7 


4 




fir.o 


3 




y 


•^Hl 


i; 


4 





700 


4 






•AMI 


5 


4 





750 


5 






300 


4. 


H 


1 


KOO 









3.";o 


3 


2 


3 


N50 


7 




















•• 


450 


2 


1 


4 


950 


K 




3 


500 


9 


U 


4 


1000 


8 




3 



N. 


N. 


R. 


P 




A. 



U. 


U. 


A. 


Lst. 


son 


500 


lOOO 





(. 


4H5 


505 


H95 


9 41 


10 


m 


.'ill) 


!l9n 


19 22 


15 


4H5 


.-115 


HH5 


29 3 


20 


4H0 


590 


mi) 


38 40 


25 


475 


535 


975 


48 18 


:m) 


470 


•WO 


H70 


58 40 


35 


465 


5:45 


H65 


67 28 


^0 


460 




'160 


76 45 


^5 




545 


WS 


86 21 








'150 


95 26 


55 


445 


555 


945 


04 56 
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TABLE XXI 



FIRST KQDATION 



Arg. 


1 


DiiF. 


&.rs 


1 


Diff, 




33 


40 


43 

S 

41 
41 
40 
38 


5000 


12 


40 


40 
41 
40 
39 
40 
38 
37 
37 
35 
34 
33 
31 
30 






58 


5100 


13 


30 




10 


16 
34 


5300 
5300 


14 

14 


41 






53 


5400 


15 


30 




9 


13 


5500 


16 







8 




5fi00 


16 






7 
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